'REPORT
on the review of
PROPOSED ENVIRONMENTAL STANDARDS
FOR THE
MANAGEMENT AND PISPOSAL OF
SPENT NUCLEAR FUEL, HIGH-LEVEL
AND TRANSURANIC RADIOACTIVE WASTES
(40 CFR 191)

by the

High-Level Radicactive Waste Disposal Subcommittee
Science Advisory Board
.5, Environmental Protection Agency

January 1984






KLETN
g Ep

Y 2 I UNITED STATES ENVIRONMENT AL PROTECTION AGENCY
i m ? WASHINGTCN, D.&, 20460
}h .-'\5

U gt

FEB \ T \QBA QFFICE OF

THE ADMINISTRATOR

Mr, William D. Ruckelshaus
Administrator
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401 M Street, S.W.

wazhington, D.C. 20460

Dear Mr. Ruckelshaus:

In January of 1983, the Science Advisory Board was asked to review the
Agency's proposed environmental gstandards for the management and disposal of
spent nuclear fuel, high-level and transuranic radicactive wastes (40 CFR
191). We have completed our review of the proposed gtandards, and ars
plieased to forward to you our' report, which has been reviewed and approved
by the SAB Executive Committee.

The High-Level Radiocactive Waste Dispozal Subcommittee received the
tachnical basis of the proposed standards for review after they had been
published in the Federal Register and after both risk assessment and risk
management decisions had been made and incorporated into the proposed stan-
dards. As charged, the Subcommittee concentrated its review on the scien-
cific and technical issues. Howevar, given the timing of its review in the
rulemaking process, the Subcommitiee found it virtually impossible to separ-—

. ate scientific and technical evaluations from matters of policy, since they
are so0 interdependent. Our consideration of and recommendation to relax
the sccietal cobjective (1000 cancer deaths in 10,000 years) by a factor of
ten exemplifies this peint. In any event, as responsible scientists and
concerned citizens we feel it is essential that we provide you with a com-
prehensive report of our findings.

Qur job has, in no small way, been areatly helped by the cooperatiocn
and assistance we have received from the Office of Radiation Programs, and
it has beaen a pleasure to work with them. TIf I can answer any guestions,
or should you wish further review, I would be pleased to brief you on the
contents of the Subcommittee's conclusions and recommendations.

Sincerely,

o D Cul)

Herman E. Collier, Jr.

Chairman, High-Level
radiocactive Waste
Disposal Subcommittee
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EPA NOTICE

This report has been written as a part of the activities of the
Agency's Science Advisory Roard. a puhlic advisory group providing
extramural scisntific information to the Administrator and other offi-
c¢tals of the Environmental Protection Agency. The Board is structured
to provide a halanced expert assessment of scientific matters relateq
to prohblems facing the Agency. The contents do not necessarily repre-
sent the views and policies of the Environmental Protection Agency,
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SECTION II
EXECUTIVE SUMMARY

The High-Level Radioactive Waste Disposal Subcommittee (HLRW) of
the Executive Committee of the Science Advisory Board (SAR) has com-
pleted an extensive review of the scientific and technical basis for
EPA's proposed rule for tha disposal of high level radicactive wastes,
the hightights of which are presented in this summary .

Technologies now exist for the disposal of such wastes, and stan-
dards adopted for them should strike an appropriate balance between
conservatism and practicality. Overall, the Subcommittee s confident
that, consistent with the intent of this standard-setting program, the
job of disposing of high-level radipactive waste can be achieved with
reasonable assurance for the well-being of present and future genera-
tions.

The Subcommittee supports the general form of the proposed stan-
dards, including (a) the use of a societal ohjective as an upper bound
of acceptahle health (cancer and genetic) effects, (b) the focus on
performance standards in terms of release limits rather than individual
exposures, (¢) the reference level of the initial 10,000 year time
frame applicable to both the societal ohjective and the release Timits,
(d) the use of a probabilistic approach, and (e) the use of qualitative
assurance requirements, as modified by the Subcommittee, hut issued as
Faderal Radiation Protection Guidance to other Federal agencies in ljeu
of inclusion in the proposed rula.

The Subcommittee, while accepting the general form of the proposed
standards, recommends several changes in the standards and improvements
in the supporting methodology. The principal recommendations are high-
lighted in the following summation. A more comprehensive and detailed
presentation of these and other major recommendations can be found in
section IV, Major Findings and Recommendations.

A, The Standard

1. The Subcommittee recommends that the release limits specified
in Table 2 of the proposed standards he increased by a factor of
ten, thereby causing a reTated ten fold relaxation of the proposed
societal objective (population risk of cancer).*

* Two members of the Subcommittee, Dr. Lash and Dr. Giletty,
dissent from this view. They helieve that the Office of
Radiation Programs' more stringent standard is Justified
and can be met by sufficient numbers of proposed disposal
sites.

)



The Subcommittee notes that the proposed release limits are direct-
1y related to the societal cohjective of not exceeding 1,000 deaths in
10,000 years, and thus, compliance with this recommendation carries
with it a related ten fold increase in the sociestal objective. The
relaxation of the release limits is, in the Suhcommittee's opinion,
justified for the following reasens, First, the proposed release 1imits
in Table 2, and therefore the proposed societal objective, are consider-
ahly more stringent than those standards generally required or adopted
in today's society (see for instance Tahle A on page 1Z of this report).
Sacond, in addition to the fact that some of the cancer deaths which
might result from these releases are calculated using conservative
assumptions that probably overestimate the number, some of these deaths
would have resulted at Teast in part from the unmined ore from which
the wastes. were subsequently generated, and thus are substitutional
rather than additiona} in nature. Third, the Subcommittee believes
that the compounding of conservatism by EPA in the choice of probabili-
ties and specific model parameters used throughout the analysis is not
warranted,

FPA should also clarify the analytical framework that forms the
basis for the limits in Table 2 of the proposed standards. The Sub-
committee believes that such clarification will help to establish
clearly the relationship between the release limits and the societal
objective, and will facilitate future amendments to the standard as
knowledge increases regarding radiation health effects or radionuclide
migration in the biosphere.

Note: In Section IV, #7(Models) and #13(Geochemical Nata), the
Subcomm ttee has .recommended that EPA make certain specific changes
and corrections to their predictive models. Some of these changes
will result in changes to the release limits for individual radionu-
clides given in Table 2 of fthe proposed standards, and will he separate
from the ten-fold change in the release limits recommended above. The
Subcommittee helieves that the changes in the release limits, resulting
from the changes to the predictive models, are independent of and would
not lead to additidnal modification to the proposed societal objective
beyond the ten fold increase discussed above.

B. Uncertainty and the Standard

1. We recommend that the probabilistic release criteria in the
draft standard be modified to read “analysis of repository perfor-
mance shalt demonstrate that there is_less than a 50% chance of
exceeding the Table 2 1imits, modified as 1s appropriate. Events
whose median frequency is less than one in one-thousand in 10,000
years need not be considered.”

2. We recommend that use of a quantitative probabilistic condi-
tion on the modified Jable 2 release 1imits be made dependent on
EPA's ability to provide convincing evidence that such a condition




is practical to meet and will not Tead to serious impediments, le-

gal or otherwise, to the Ticensing of high-Tevel-waste gealogic re-
positories. [If such evidence cannot be provided, we recommend that
EPA adopt qualitative criteria, such as those suggested by the NRC,

The Subcommittee helieves that the modified probabilistic criteria
will make the propnsed standards more practical to apply without undye,
time-consuming disagreements, Further risk studies need to be performed
and subjected to systematic, critical evaluation in order to establish
a more acceptable probabilistic basis for the standard,

C. The Time Frame - 10,000 years and Beyond

1, We recommend that EPA retain the 10,000-year time period as
the basis for determining the adequacy of repository performance,
We believe that use of formal numerical criteria limited to this
approximate time period 1s a scientifically acceptable regulatory

approach.

2. We recommend that the process of selection of sites for dis-
posal systems also take into account potential releases of radio-
activity somewhat beyond 10,000 years. Particular attention should
he focused on potential releases of long-11ived alpha- emitting
radifonuclides and their decay products.

Although the selection of a time frame is in large part arhitrary,
we endorse EPA's choice of 10,000 years., Modeling and risk assessments
for the time perinds involved in radicactive waste disposal require ex-
tension of such developing techniques well beyond usual extrapolations;
however,«the extension for 10,000 years can he made with reasonable
confidence. Also, the period of 10,000 years is Tikely to be free of
major geologic changes, such as volcanism or renewed glaciation, and
with proper site selection the risk from such changes can be made neg-
ligible. Potential radionuclide releases wil] not stop with 10,000
years, however, hut may continue in amounts equal to or exceeding those
estimated for the initial period.

The degree of confidence with which impacts can he modeled much
further in the future is much less certain. We do not recommend de-
tailed modeling calculations regarding post-10,000 year releases, hut
estimates should be made, and should be considered as factors in dis-
posal site selection,

2. Population vs. Individual Risk

1. MWe recommend that EPA retain the use of a population risk ¢ri-
terion as the measure of performance for the proposed standards,

We find that an approach employing individual dose Timits, f.e.,
considering some “maximally exposed individual® or alternatively some
"average exposed individual® would, in practice, make the standard



Aifficult to meet with high assurance for very long times, and that use
of a population risk approach is more practical. In our view, however,
it is important that for the first several hundred years residents of
the region surrounding a repository have very great assurance that they
will suffer no, nr negligible, i1l effects from the repository. For
Jonger periods, we helieve that EPA should rely on the existence of con-
tinuing requiremants similar to its current drinking water standards to
protect groups of individuals.

E. Coordination of Policies and Standards

1. We recommend that EPA initiate action within the Federal Gov-
arnment for the estabiishment of an interagency council to coor-
dinate the development of high-level radinactive waste disposal
policy, standards, and regulatory practices and to serve as a
forum for exchange of scientitic and technolegical information.

Several Federal agencies are involved in the process of establish-
ing radiation protection policies, standards and operational reguire-
ments governing the disposal of high-level radiocactive wastes, including
EPA, NRC, DOE and DOD, together with states, appropriate entities of

Congress and the judiciary. Overlapping and independent authorities

and responsibilities exist under present laws. Conflicting terminology
and standards exist, e.g., the definitions of high-level and other ra-
dioactive wastes. Coordination of Federal policies and practices is
scsantial to the 11.5. high-level radiocactive waste disposal program.
Success of the program will depend on extensive interaction and agree-
ment among the appropriate Federal agencies. While the lead in coor-
dination could be appropriate for the NRC or DOE, the Subcommitiee
feels that the obligation for achieving mutual interaction more appro-
priately belongs to the EPA under its authority to issue environmental
standards and Federal Radiation Protection Guidance.

F. Research Needs - A Matter of Priority

1. We pacommend that EPA support, or encourage other agencies to
support, continuing research in technical areas where major uncer-
tainties stil] exist, particuiarly in the biological effects of
radiation, the geocnemical transport of radionuclides, and the
characterization of rock-mass deformation.

The Subcommittee strongly endorses support of research aimed at
diminishing or clarifying as many of these uncertainties as can be
attacked with some hope of resolution. The research, although expen-
sive, could bring about a substantial reduction in the overall cost of
the disposal system. ‘

G. Responses to Original Subcommittee Charge

At the time of the Subcommittee's formation, it was directed, by
the Executive Committee of the Science Advisory Roard, to address six



(A) principal issues. Although a brief response to each charge is
presented here, the charges are broad in scope and the Suhcommittee's
raview of them generated a numher of more explicit and specific issues
which are addressed in detail in the body of this report,

1. The scientific and technical rationale bahind the choice of a
10,000 year time period as the hasis for assessment of disposal
facility performance.

This issue has been addressed in C ahove,

2. The technical basis for the selection of the propesed perform-
ance requirements, including risk-assessment methodology, uncer-
tatnties in the data and in the analytical methods, and the esti-
mation of premature deaths.

These aspects of the analysis form the hasis for the proposed stan-
dards and were areas most carefully and critically evaluated by the
Subcommittee. Although the Subcommittee makes a number of recommenda-
tions regarding risk assessment, pathway and health modeling and the
need for improved documentation, we believe that Office of Radiation
Programs, EPA, has handled these subjects well and, furthermore, has
heen positively responsive to the recommendations of the Subcommittee.
We think, however, that EPA has made overly conservative choices and
decisions throughout the development of the technical bases supporting
the standards, leading to overestimation of the tong-term effect of
disposal, and hence that the proposed standards are too restrictive and
compliance may be difficult to verify.

3. The scientific appropriateness of concentrating on disposal in

geologic media.

This part of the charge needed no consideration by the Subcommit-
tee, since disposal in geologic media is mandated for at least the
first two sites by the Nuclear Waste Policy Act of 1982 (PL 97-425),
enacted after the charge was prepared. No member of the Subcommittee,
however, disagrees with this jnitial approach.

4. The validity of the conclusion that, under the proposed rule,
the risks to future generations will be 1o greater than the risks
from equivalent amounts of naturally occurring uranium ore bodies,

In reviewing this conclusion, we found, and EPA acknowledged,
that the comparison is uncertain becayse of the extrame variability of
uranium ore bodies, The Suhcommittee thinks that the conclusion is
valid in a very general way, if suitably qualified, but feels that it
is unwise and not scientifically defensible to use the unmined ore as
the only refarence for comparison. We recommend that the comparison be
extended to incTude the radioactivity of natural waters and the ambient
radiation in the natural environment.



5, The adeguacy of the economic analysis.

The Subcommittee considers there are significant shortcomings in
the economic analyses supporting the proposed standards. Since the man-
gement, storage, and disposal of high-level waste is a multi-billion
dollar venture, we bhelieve that the shortcomings are important and
should be remedied. It is noteworthy that, even though the savings
associated with individual choices may seem relatively insignificant,
the absolute costs are so large that even small percentage savings are
worthwhite., The high absolute costs appear to he relatively independ-
ent of the proposed standard, and simply reflect the decision to use
deep mined geologic disposal sites with multiple barriers. Thus, ap-
preciable savings are not likely to be realized in terms of basic cost
by relaxation of the standards, However, the cost of demonstrating
compliance may be very high, and cost reductions that may be achieved
hy sophisticated compliance demonstrations could be substantial.

We recognize the need for cost/benefit analyses, using the best
available data, hut we note that a precise economic analysis will not be
possible or meaningful until it is performed upon an actual repository

. at a specific site.

6. The ability of the analytical methods/models used in the anal-
ysis to predict potential releases from the disposal facility and
their resultant effects on human health. Included would be an
avaluation of the model 's ability to deal with uncertainty and the
confidence, in a statistical sense, that the model predictions are
adequate to support selection of projected performance requirements.

In general, EPA's analytical methodology and modeling used through-
out the development of the generic repository's performance, including
releases and subsequent cancer deaths, are deemed to be conservative.
The Subcommittes makes several suggestions for specific improvements
and updating, We emphasize that modeling, including the evaluation of
uncertainty and confidence therein, is an emerging and developing tech-
nique. Adding to the uncertainties implicit in a techique that is still
under development are the multitude of poorly known faclors associated
with the extrapolation in time to 10,000 years and beyond, and the prob-
Tem of securing public acceptance of the standard. We believe, never-
theless, that the EPA's effort, modified as recommended by this report,
will fulfill the dntent of the Nuclear Waste Policy Act of 1982,



SECTION I

INTRODUCTION

Hackground

Fissioning of nuclear fuel in nuclear reactors creates a small
quantity of highly radicactive materials, which is retained in the
spent fuel elements when they are removed from the reactor. If the
fuel is then reprocessed to recover unfissioned uranium and plutonium,
the concentrated radicactivity goes iato acidic Hquid wastes that will
later be converted into solid forms, These Tquid or solid wastes from
reprocessing spent nuclear fuel, or the spent fuel elements themselves
if they will he disposed of without reprocessing, are called "high-
level wastes,"

Although high-level radioactive wastes are produced in quantities
that are small relative to other chemical wastes, their proper manage-
ment and disposal are important because of the inherent hazards of the
large amount of radiocactivity they contain. !Under authorities estab-
lished by the Atomic Energy Act and transferred to the 1.5, Environ-
mental Protection Agency by Reorganization Plan No. 3 of 1970, and re-
iterated by the Nuclear Waste Pnlicy Act of 1982 (PL 97-425), EPA 45
proposing generally applicable environmental standards for the manage-
ment and disposal of spent reactor fuel, high-level wastes derived
from reprocessing spent fuel, and wastes containing chiefly long-1ived
radionuclides of elements heavier than uranium (transuranic {TRU)
wastes). The proposed rule is appended to this report {Appendix R).

The objectives of the proposed standards are to limit the risks to
hoth present and future generations and to adequately protect the
public from harm caused by management and disposal activities related
to these radicactive wastes, Separate standards were devaloped for
those activities related to waste management and storage operations
preparatary to disposal (Subpart A) and for the Tong~-term performance
of disposal systems (Subpart B).

Science Advisory Roard Review

The Science Advisory Roard (SAR) was asked, in January 1982, to
review the scientific and technical basis of EPA's proposed rule. A
Subcommittee of the Executive Committee, chaired by Dr. Herman F.
Collier, Jr.,, was formed to accompTish this review. PRecause the
release of the proposed standards was delayed until December 19, 1982,
the Subcommittee began its review on January 18, 1983, At that time,
EPA requested that the Subcommittee concentrate its review on Subpart
3 of the proposed standard and identified six issues, listed in the
previous section, for the Subcommittee's consideration.

The Subcommittee organized itself for the review into seven {7)
Subgroups, which are listed below (Chairmen are Tisted first):



A. Risk Assessment (Dr. Okrent, Dr. Budnitz, Mr. Culler,
Dr. Parker).

B. Environmental Pathways (Dr. Kaye, Dr. Boecker, Dr. Lash,
Or. Parker).

C. Geochemistry (Dr. Giletti, Mr. Culler, Dr. Davis,
Dr. Krauskopf).

D. BRiological Effects (Dr. Neel, Dr. Roacker, Dr. Kaye).

E, Assurance Requirements (Dr. Lash, Dr. Budnitz,
Nr. Krauskopf, Dr. Okrent),

F. Engineering and Economics (Dr. Parker, Dr, Budnitz,
Mr. Culler, Pr, Davis, Dr. Fairhurst).

G, Subpart A Requirements (Dr. Krauskopf, Dr. Fairhurst,
Dr. Giletti, Dr. Kaye, Dr. Lash).

The Subcommittee, in the course of its review, held nine (9) meet-

ings and many other informal suhgroup meetings. At the Subcommittee

meetings (for which minutes and verbatim transcripts are available in
the offices of the Sciénce Advisory Board) there was extensive comment
by the O0ffice of Radiation Programs, EPA, representatives of DOE, NRC
and their contractors, and others. Only a few comments came from the
ganeral public, although the meetings were open and advertised in the
Federal Register. At its final meetings, the Subcommittee formally

adopted its major findings and recommendations, which were based pri-
marily on the Subgroup reports. Deliberations focused on using the
Subcommittee's collective wisdom, but votes were taken on each of the
recommendations as worded in this report. These recommendations repre-
sent majority views, therefore, and do not necessarily reflect the views
of all members.
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SECTION TV
MAJOR FINDINGS AND RECOMMENDATIONS

The findings and recommendations which follow are grouped under 17

major topics, The discussion of each topic includes one or more under
lined recommendations, and for several topics underlined findings and
andorsements are included also. Brief explanatory paragraphs and ref-
arences to relevant Subgroup reports follow the underlined material.

A,

Uncertainty and the Standard

.~ We recommend that EPA adopt a standard which provides adequate

protection with regard to societal effects; which can be met tech-
nically for at least some known technolngical approaches: on which
1t will be practical for NRC to make a favorable Finding with rea-

sonable assurance: and which does not needlessly induce or Tend
itself to Jong controversy and delay in arriving at a decision in
the regulatory framework and in the courts.

2. We believe that repository designers will find it quite dif-
ficult and perhaps excessively expensive to demonstrate with rea-

sonable or high assurance that the levels of protection sought by
EPA in the draft standard have been met,

3. We find that the “"release limit" approach for expressing the
level of protection required of a repository is a satisfactory

way of fulfilling EPA"s standard-setfing mandate, and should be
retained by EPA. .

4. MWe recommend that the release Timits in Table 2 of the pro-
posed standard be increased by a factor of 10 which will result
in_a corresponding relaxation of the societal objective (popula-

fation risk of cancer) by a factor of 10,

5. Me recommend that the probabilistic release criteria in the
draft standard be modified to read "analysis of repository per-

formance shall demonstrate that there is less than a 50% chance of

exceeding the Table 2 release 1imits, modified as 3§ appropriate.

Events whose median frequency is Tess than one in one-thousand in

10,000 years need nof he considered,’

6. We recommend that use of a quantitative probabilistic condi-
tion on the mndified Tahte 2 release Jimits be made dependent on

EPA’s ability to provide convincing evidence that such a condition
15 practical to meet and wiil not lead to serious impediments,

legal! or otherwise, to the Ticensing of high-level-waste geologic

repositories. If such evidence cannof he provided, we recommend

that EPA adopt qualitative criteria, such as those suggested by

the NRC.

7, MWe find that an approach to the EPA standard employing “in-
dividual dese 1imits™ (considering snme "maximaily exposed indq-

0



vidual,"” or alternatively some “average exposed individual") would
in practice make the standard difficult to meet with high assurance
for very long times for any repository concept currently under
active consideration. However, we racommend that for the first 500
vears, the EPA standard embody an extremely Jow likelihood that
Tncreases in radioactivity approaching the 1imits allowed by the EPA
drinking water standards will occur in potable well water drawn from
any well adjacent to the site of the repository. For longer time
periods, we recommend that EPA rely on the assumption that standards
similar tno tne present drinking water standards wiil exist to protect
groups of individuals.

THE available risk studies for postulated repositories are subject
to very large uncertainties. Nevertheless, it appears that for most
repository technologies and site types currently under active consider-
ation by DOE there is a reasonable likelihood that the levels of pro-
tection sought by EPA in its proposed standards can be met. However,
demonstration of this accomplishment with high assurance may prove to
he difficult.

As shown in the accompanying Table A, the proposed standards lead
to levels of protection much more stringent than those generally re-
quired or adopted in today's society; in addition, the proposed
standards are far more stringent than those imposed on chemical wastes.
The number of cancer deaths which might result from these releases are
caleulated using conservative assumptions that probably overestimate the
number. This overestimation is compounded by conservative choices for
probabilities and specific wmodel parameters throughout the analyis.
Furthermore, at least some of the cancer deaths would have resulted
anyway from the radigactivity in the unmined ore from which the waste
was subsequently derived. Thus, we conclude that a ten-fold increase
in the release 1imits, which will result in a corresponding ten-fold
increase in the societal objective (not more than 1,000 calculated
cancer deaths in 10,000 years) would still provide adequate protection,
and that the risks would still be extremely low. The relaxation of
the rolease limits is recommended with the proviso that, based on the
studies availahle to it up to the time be built and operated with rea-
sonable assurance that the EPA standard has been met, This proviso
should be subject to the constraint that the criteria for disposal of
high-Tevel waste remain substantially more stringent as to societal
risks than are currently accepted by EPA for hazardous chemjcal wastes
or uranium mill tailings.

There was disagreement in the Subcommittee on Recommendations b),
4), and e). A majority believes that highly conservative estimates have
heen made in the models for release of nuclides from the repository to
the accessible environment. Dr. Lash and Or. Giletti believe that more
realistic models, based on site-specific cases, will demonstrate that
sufficient sites can be found for which it can be demonstrated with high
confidence that the proposed release 1imit standards can be met. They
faal that no increase in either the release limits or the implied poten-
tial premature cancer deaths limits is warranted.

11



TABLE A

NUMBER OF POSSIBLE CANCER CASES DUE TO IONIZING RADIATIONL

NO., OF NO. OF CASES
} ORIGIN CASES PER YR.Z PER 10,000 YR.2
| High-Tevel Rad, Waste Digposals up to 0.1 up to 1,000
Uranium Mi1l Tailings4
- Unprotected+t 3 30,000%*
- Protected (covered, etc.) 0.03 300%*
Indoor Air Pollution
- Residential Exposureb ¢ 1,000 10,000,500
to to
20,000 200,000,000*
- Residential Weather- 250 2,500,000
jzation {added cases)® to to
{Nero Estimate) 5,000 50,000,000*
- Residential Weather- 10,000 100,000,000
ization (added cases)® to to
20,000 200,000,000*
Background Radiation’ 3,000 30,000,000
" to to
4,000 40,000,000

(Cancer Deaths (U).5.)8 (all causes) 420,000])

Notes: + These numbers are all calcuTated on the same basis using a linear

non-threshold dose response model, as noted on pp. A-7-3 and A-7-4
of this report. The linear non-threshold mode] involves a high
degree of speculation, and the resulting values have little merit
as absolute indicators of the numbers of biological effects that
may occur. It has been used here to provide a framework within
which relative risks from various radiation exposure situations
can be compared.

Assuming constant U,S. population and culturae - numbers with (*)
are extrapolated from annual values.

EPA proposed rule 40 CFR Part 191 (December 1982) number per
100,000 MTHM high-Tevel radioactive waste repository.

NRC (October 1980}, "Uranium MiT] Licensing Requirements: Final
Rules," Federal Register, 45, No. 194, 65521-65538, Radon inhala-
tion exposures,
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TABLE A (Continued)

Nero, A.Y, "Indoor Radiation Exposures From 222rp and Its
Daughters: A View of the lssue," Health Physics, 45, No.Z,
(August 1983), 277-288.

EPA Report EPA 520/4-78-013 (revised printing, July 1979)

NAS/NRC, The Effects on Populations of Exposure to Low Level of
Ionizing Radiation (November 1972) - (1972 BEIR Report}.

American Cancer Society, Cancer Facts and Figures - 1982, 1981.

Does not include health effects from water pathways.
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As noted in Table A, large uncertainties must he anticipated in
risk estimates covering 10,000 years. The NRC, as well as several re-
sponsible scientific reviewers, have questioned the warkability of the
quantitative probabilistic portion of the nroposed EPA release standard.
The proposed revisions to the £PA standard may make it more practical to
apply without undue, time-consuming disagreement. EPA peeds to perform
more risk studies, and have these studies subject to sufficient, syste-
matic critical evaluation in order to choose an acceptahle probabilistic
nasis for its standard. Although we strongly affirm the validity of
EPA's probabilistic approach, if EPA cannot have high confidence in the
adequacy and workability of a quantitative, probabilistic standard, we
recommend use of qualitative criteria, such as recommended by NRC,

We support the use of a population risk criterion. We believe it
is impractical to provide absolute protection to every individual for
all postulated events or for very Tong periods. On the other hand, in
our view it is important that for the first several hundred years resi-
dents of the region immediately outside the accessible environment have
very great assurance that they will suffer no, or negligible, 11 ef-
fects from the repository. For longer periods, we believe that EPA
should rely on the existence of standards similar to its current drink-
ing water standards to protect groups of individuals.

(See Risk Assessment Subgroup report, Appendix A-1: Recommendations
9 and 10, Environmental Pathways Subgroup report, Appendix A-2;
Finding 1, Engineering/ Economics Subgroup report, Appendix A-6
and ?ecommendation 5, Biological Effects Suhgroup report, Appendix
A-7.

B. The 10,000-Year Time Period

1. We recommend that EPA retain the 10,000-year time period as
the basts for detérmining the adequacy of repository performance,
We believe that use of formal numerical criteria limited to this
approximate time period is a scientifically acceptable approach.

2. We recommend that the process of selection of sites for dis-
posal systems also take into account potential releases of radio-
activity somewhat beyond 10,000 years. Particular attention
should be focused on potential releases of Tong-lived alpha-emitt-
ing radionuclides and their decay products,

For certain Tong-lived radionuclides likely to be placed in repos -
itories {and their decay products), the impact of release on the access-
ible environment is likely tn be greater in the period beyond 10,000
years than in the period prior to 19,000 years. Nevertheless, espe-
cially considering the uncertainties, we believe that the overal]
parformance is Tikely to be adequately understood by using analytical
models that extend 10 millennia into the future. Tha degree of con-
Fifdence with which imgacts can be modeled much further in the future
is poor. Thus we find that assurance of adequate repository performance
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can he best attained by concentrating analytical and repository design
effort at achieving satisfactory performance through the first 10,000
years. There will be no abrupt change, however, in release effects at
the end of 10,000 years, and assurance is needed, particularly in the
selection of repository sites, that effects in the more distant future
will not be greatly increased. Therefore, estimates of releases and
retease effects beyond 10,000 years should be made as part of the pro-
cess of site selection. The intent of recommendation B.Z. is not to
require an elaborate quantitative modeling study of releasas beyond
10,000 years, but only to point out one of the important considerations
that should guide the choice of repository sites from among those nomi-
nated by NOE in accordance with the Nuclear Waste Policy Act.

{$ee Recommendations B-2, C-1, C-2, Risk Assessment Subgroup re-
port, Appendix A-1: Recommendation 7, Assurance Requirements
Subgroup report, Appendix A-4: and Recommendation 2, Geochemistry
Subaroup report, Appendix A-5.)

C. Unmined Uranium Ore Reference

1. We recommend that EPA downplay the comparison of repository
releases with unmined uranium ore bodies hy expanding the compar-
ison to inciude the radicactivity of natural waters and ambient
radiation in the patural environment.

2. We recommend that EPA emphasize more strongly that somatic
and génetic effects resulting from repository releases that meet
FPA's proposed standard are at least in part substitutional
effects, rather than additive to those expacted from the unmined
ore.

EPA has estimated that the potential releases of radioactivity from
repositories for high-Tevel and TRU wastes will be less than releases
from the undisturbed uranium ore from which the waste was derived.
Qualitatively, ore-body and repository risks may be compared in a very
general way. However, the Subcommittee concludes that the natural var-
jability among ore bodies and the large uncertainties in the data de-
rived from them preclude an accurate comparison of a generic repository
with a hypothetical are body. Furthermore, a broader appreciation of
the performance standard will be gained if the comparison 1is extended
to include the radicactivity of natural waters together with other
natural and man made sources of ambient radiation.

Despite the uncertainties in quantitative comparisons with unmined
are, the somatic and genetic effects that may be produced by releases
from a repository are at least in part equivalent to effects that would
have been produced by the ore had it never been mined. Thus radiation
from high-level waste in a high-Tevel repository should not be consid-
ered entirely as an addition to natural environmental radiation, but in
part as & substitution for radiation that would have reached the bio-
sphere anyway.
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(See Tahle 1 and Recommendation D-1, Risk Assecsment Subgroup
Report, Appendix A-1.)

0.  Biological Effects

1. MWe recommend that EPA, in their calculations, drop the ambig-
uous terminology "health effects” when Specific refarence to soma-
tic (cancer) and/or genetic effects can he made.

2. We accept FPA's use of the Tinear non-threshold model for
estimating health risks,

3. We recommend that EPA consider the genetic effects to all
future generations, rather than 1imiting them to the first gener-

ation.

4. We recommend that EPA consider using the concept of effective
dose equivalent in setting a dose Timit in Subpart A of the proposed
standard,

The term "health effects” is often used when actually referring to
cancer mortality. While cancer-related effects may predominate over
genetic related effects, it is important to recognize that both may
occur, and more specific language is therefore needed.

Aithough other models for estimating health risk are availahle and
despite uncertainties about the validity of the linear non=threshoid
model in particular, this model is generally accepted for radiation pro-
tection purposes by professionals as the conservative model of choice,

Somatic effects have been appropriately calculated on a genera-
tion-by-generation basis. fenetic effects differ, however, 1in that
they cumulate as a result of transferral from one generation to another,
EFven though genetic effects are commonly less numerous and less serious
than somatic, it s possible for the accumulated harm from genetic ef-
fects in any generation to be as great as that from somatic effects
over the passage of 10,000 years. To make an acchrate comparison with
somatic effects, it is necessary ton compute genetic effects over all
generations within a given time period.

In Subpart A of 40CFR191, EPA specifies dose limits of 25 mram/yr
to whole body, 75 mrem/yr to the thyroid, nr 25 mrem/yr to any othar
organ. These 1imits are the same as those in 40CFR190, and they are
hased essentially on the critical organ approach to radiation protec-
tion. In Subpart B, however, the radionuclide release limits are de-
rived using a sum of dose equivalents to different body organs weighted
hy the stochastic risk factors for each organ. This is the came ap-
proach as the effective dose equivalent described in reports of the
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International Commission on Radiation Protection (ICRP 26 and 30),
Thus, the two approaches to calculating doses in Subparts A and B are
clearly not consistent.

(See Recommendation 1, Environmental Pathways Subgroup report,
Appendix A-2; Recommendation 3, Subpart A Subgroup report, Appendix
A-3: and Recommendations 1, 2, 4, and 6, Biological Effects Sub-
group report, Appendix A-7.)

Assurance Requirements

1. We recommend that the assurance requirements, as-amended‘by
this report, be suhmitted as a rederal Radiation Protection Guid-
ance document in support of the EPA rule package.

2. We recommend that EPA delete the assurance requirement for
prompt disposal of high-level and transuranic wastes.

3.  We recommend that use of the concept of “as small (low) as
reasonably achievable" (ALARA) be Timited to the consideration of
the geologic characteristics of sites nominated in accordance with
the Nuclear Waste Policy Act.

4, We recommend that the assurance requirement for use of mul-
tiple barriers be revised to give more emphasis to the system as
a whole, rather than to the performance of each barrier acting

alone, Rarriers snould he designed so that they complement each

other and help to compensate for unexpected failures.

5, We recommend that EPA limit the time period_during which re-
pository desidners may take credit in their analyses for reliance
upon_active institutional controls to a period of no more than 100
years, and that sujtable surveillance be required during that peri-
od. Surveillance teghniques should not compromise the integrity
of the repository. ihe definition of active institutional controis

should be changed So that guarding, maintaining, and taking appro-
priate remedial actions are all required.

6. We recommend that EPA not preclude consideration of a poten-
tial repository site because natural resources are at or near the
site, but rather should note that the presence of such resources
s a highly unfavorable ractor which should be inciuded in the
si1te evaluation,

7. We recommend that assurance requirement (g) on retrievability
of waste be deleted.

The guestion of the appropriateness of EPA's specifying assurance

requirements gave rise to considerable division of opinion among Subcom-
mittee members. In particular, it was noted that these requirements
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partain to implementation of the standard and not to standard-setting,
and thus may be outside EPA's and the Subcommittee's domain. Others
considered that the requirements were highly supportive of the standard
and enhanced public acceptance of the standard and subsequent regula-
tions. Several members helieve that the assurance requirements, if in-
cluded in the standard itself, would encourage litigation or other de-
iays by irtervenors. We understand that submission of these require-
ments as Federal Radiation Protection Guidance will convey their impor-
tance to the standard, avoiding the possible conflicts noted.

There is a requirement in the Nuclear Waste Policy Act for DOE to
assess the advantages of long-term storage. Temporary storage for 20-30
years is accepted practice to allow spent fuel to "“cool down." It may
also be advantageous for ease of computation, lesser disturbance of the
geologic environment, etc., to extend the cooling period. The prompt
dispasal requirement in the proposed standards appears inconsistent
with these considerations, and should be reexamined accordingly.

The ALARA concept can be interpreted in two ways, one philosophical
and the other applied. PhiTosophically it is a “motherhood and apple
pie" statement which prescribes the use of common sense in deciding al-
ternatives in the development of the repository. As applied, ALARA
could become the rationale for spending additional money and time in
the building of the repository, and could also be a basis for protracted
Titigation. We bhelieve that the release limits set forth in the stan-
dard are already so low that any design calculated to satisfy them will
adequately protect the environment, and an added ALARA requiremant is
unnecessary. Such a requirement might serve a useful purpose, however,
as one basis for choosing a repository site from a number of possihle
candidates.

The present wording of assurance requirement (c) that "each barrier
shall separately be designed to provide substantial isolation” has the
impiication that any one barrier acting alone should enable the reposi-
tory to comply with the proposed standard. We think that it is more
important that the system of barriers as a whole be designed to compen-
sate for the unexpected weakness or failure of one or two members.

We would Timit the period for which the repository designer should
be allowed to take credit for active institutional controls to no more
than 100 years. A monitoring system designed to test predictions of
system behavior during the time of active institutional controls, how-
ever, would help to reassure the public and, in the unTikely event of
appreciahle adverse developments, would permit remedial measures to be
taken promptly. Surveillance should consist of relatively simple mon-
itoring techniques to avoid initiating or enhancing release pathways
from the repository. The presence of mineral resources at a site is a
highly unfavorable characteristic, but it should not automatically pre-
¢lude use of the site. FEPA should require DOE to analyze carefully the
possible consequences of nearby mineral resources, weighing them against
other site characteristics which may he strongly favorabie,
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{See Assurance Requirement Subgroup report, Appendix A-4)

Accessible Environment

1. We recommend that FPA extend the definition of "accessible

“environment” to include major sources of potable groundwater that

are beyond the controlled area, as defined by NRC in TOCFR60 {Tech-

nical Criteria for Disposal of High-Level Radinactive Waste), and

are more than two (2) kilometers in & horizontal direction from

The original location of the radicactive wastes in a disposal
system.

This consideration is to note the specific importance of potable

groundwater as a much needed resource, particularly in the western
areas of the country., Protecting this resource, as reflected by this
position, indicates that we feel the importance of potable groundwater
supplies will not diminish in the future and may become even more im-

portant.
G. Models

1. We find that in their analyses of releases to the accessible
environment, EPA has frequently made modeling assumptions and pa-
rameter estimates which are conservative. These values were com-
bined in the models, leading to computed releases to the accessi-
ble environment that are probably overestimated. While perhaps
Tess conservative, this bias was aisgo carried through in the en-
environmental paghways analyses.

2. We recommend that EPA define clearly all medels used in their
analyses, 1f not already so documented, and ensure that state-of-
the-art information i3 used.

3. We recommend that EPA, in their environmental pathways model-
ing, re-evaluate the assumed fraction of activity transported to
the land surface via irrigation and make provision in the models
for recycling activity leached from soils and returned to the
rivers.

4. We recommend that the environmental pathways models be modif-
jed to incorporate the time dependence of resuspended activity in
soils and of external ground-surface exposure. ‘

5. We recommend that EPA improve the evaluation of uncertainties
inherent in all aspects of the analyses, including movement to the
the accessible environment, the modeling of exposures through var-
jous environmental pathways, and conversion of doses to somatic
and genetic effects.
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We endorse EPA's use of conservative parameter estimates when re-
Tiable data are not available and mean or median values when good data
are available. We also endorse the use of conservative modeling as-
sumptions. EPA should document carefully each conservative estimate or
assumption, however, and where possible, express paramgeter values as
single values together with the uncertainty associated with those
values.

The computations of environmental dose commitment used in suUpport
of the proposed standards were made several years agao with dosimetric
approaches and computer models availahle at that time. Some improve-
mants have heen made in dosimetry parameters and calculational methods
in the intervening years. The current EIS and other documents support-
ing the proposed standards contain health risk factors for different
body organs, expressed as the risk of cancer (or genetic effects for
gonad irradiation) per rem of absorbed dose equivalent. This 1list ig
an accurate reflection of the current knowledge regarding the relative
risks of absorption of radiation by different tissues. However, the
numerical values are not directly traceable to any particular set of
risk factors as presented in reports hy advisory bodies such as the NAS
Committee on Biological Effects of lonizing Radiation (BEIR) or the
ICRP. We recommend that all health risk factors be referenced to ap-
propriate advisory bodies and their respective reports,

In their environmental pathways modeling, EPA has assumed that 50%
of surface waters are used for irrigation. Several sources indicate
that the actual percentage is much lower. In their resuspension model,
EPA assumes that resuspension occurs from the entire root zone. Resys-
pension actually occurs, however, only from the top soil layer., The
appropriate time dependence of resuspension depends on whether the soil
1s assumed to he undisturbed or frequently plowed,

Substantial uncertainties exist in the estimates of doses delivered
to populations from specific curie releases of radionuclides from repns-
itories. Nowhere, however, does EPA present the overall level of uncer-
tainty in its calculations, nor does EPA compare the level of uncertain-
ty in the pathways aralyses to uncertainties in the analyses of radio-
nuclide movement through the geosphere to the accessible environment
or to the uncertainties in the conversions of doses to cancer and gene-
tic effects in humans., An overall assessment of uncertainty in the
effects of spacific curie releases might be useful for evaluating the
suitability of the proposed assurance requirements and in determining
the values chosen for release limits to the accessible environment.

(See Environmental Pathways Subgroup report Appendix A-2; General

statements in the Geochemistry Subgroup Report, Appendix A-5)

H. Dijution/Isolation

1. We recommend that dilution not be an acceptable practice to
avoid the requlations for disposal of material as high-Tevel waste,
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but that it be considered as a reasonable means of converting mi-
nute quantities of high-level or TRU waste into material that can
be disposed of under 10CFR61 (Licensing Requirements for Land Dis-
posal of Radioactive Wastes).

We endorse the intent of the EPA standard to localize and isolate
high-level waste in contrast to dilutfon and dispersion. Although sup-
portive of isolation as noted, we are not inclined %o prohibit dilution
of minute amounts of waste such as those produced in research and med-
jcal practice so as to make them acceptable for shallow land burial.

(See Recommendation 1, Subpart A Subgroup report, Appendix A-3).

1. Engineering and Cost Considerations

1. We recommend that EPA perform an economic analysis (benefit/
cost analyses; differential costs and henefits for widely differ-
ent levels of protection; and costs for alternate means of dispos-
al) in addition to the cost analysis already presented. In making
This analysis EPA should use more current cost models and data now
available.

2., We recommend that EPA examine carefully the possibilities for
cost savings in the waste disposal program. Though the uncertain-
ties in the cost estimates are great, the absolute amounts in-
volved are so large that even small percentage savings could repre-
sent substantial amounts of meney.

3. We recommend that EPA consider discounted, as well as non-
discounted, costs for the operativnal period. This will help to
disclose the significance of segquencing and defays on site selec-
tion and engineering designs of repositories.

4. For a generic, deterministic study the aggregated, simple
model used by EPA is adequate for a cost analysis. However, the
cost for actual repositories at specific sites could diverge sub-
stantially from these generic costs.

Given the data available at that time (early 1982), the cost anal-
ysis {see draft Regulatory Impact Analysis, EPA 520/1-82-024) is rea-
sonably comprehensive and adequate, and uses data valid in early 1982,
New data, however, are now available, e.g., Waddell et al,, Engel and
White, Clark and Cole, and the Defense Waste Management Plan.

An economic analysis, as recommended, could help to identify the
opportunities for optimizing waste management strategies, to indicate
the real costs of delays, and to suggest possible cost savings etc.,
especially if discounted cost procedures are included.

Discounted cost procedures recognize that expenditures incurred
early in repository development are of greater significance than the
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same gmounts expended later. The relative importance of the various
cost components in waste isolation could be changed drastically by the
use of discounted dollars,

Finally, given the intrinsically high degree of safety of any ac-
ceptable repository, its high cost, and the uncertainties of the cost
estimates, the relationship between such costs and the Tevel of safety
achieved can be shown to a limited extent only.

J. Dose Limits

1. MWe recommend that EPA analyze the practicality of implement-
ing the suggested dose Vimits (under Subpart A) at facilities fhat
that include operations of hoth the uranium fuel cyele and the man-
agement and storage of high-level wastes.

While EPA has demonstrated that the suggested Timits, or even low-
er limits, should be attainable in normal management and storage opera-
tions, it is not clear that they are realistic at combined facilities
which also include operations pertaining to the uranium fuel cycle,
For such combined facilities, some deviation from the suggested Timits
could be allowed without endangering public health and safety.

(See Recommendation 4, Subpart A Subgroup report, Appendix A-3.)

K. Factors in Site Selection

T. No site type should be precluded on the basis of site
characteristics alone. Consideration of all factors, including
engineered barriers, transportation, avallability of utilities
and labor, etc., may Tead to different choices amongst accept-
ahble sites and isolation technologies than those dictated by
site characteristics alone.

The constraints on exploration for, and selection of, geological
repository sites and the associated lTong-term containment performance
requirements have no counterparts in geological engineering experience,
The distance of a repository from radioactive waste production and stor-
age sites, possible engineered hbarriers, and socio-economic factors are
considerations. Evaluation of all such factors may lead to a preference
for sites, among those shown to be satisfactory, which might possibly he
ranked below other sites on the basis of geological criteria alone.

(See Recommendation 4, Engineering/Economics Subgroup Report,

Appendix A-6.)

L, Limit Standard to Mined Geologic Repositories

1. We recommend that the applicability of Subpart B of the pro-
posed standards be explicitly restricted by EPA to disposal in
mined genlogic repositories.
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The present wording implies that the standard is intended to cover
al] methods of disposal except disposal directly into ocean sediments.
To avoid any implication that other methods of disposal were evaluated,
and therefore to avoid foreclosing other possibilities, the standard
should be limited to disposal in mined geologic media,

(See Recommendation 1, Assurance Requirements Subgroup report,

Appendix A-4)

M. Geochemical Data

1.  We recommend that EPA, in their generic analyses, utilize
different sets of geochemical parameters for high-ionic-strength
anvironments (Such as salt) and for the much Tower-ionic-strength
waters expected in many other Tithologies.

2, We recommend that EPA reassess the values it chose for solu-
bility and retardation tactors for Am, Sn, Sr, Cs, Tc, and Np.

3. We recommend that EPA encourage research leading to better
valuyes for solubilities and_retardation factors for the nuclides
Tisted in Table 2 of BOCFRI191, pius 1-129, Cm=-247, Pb-210, Zr-93,
and Sh-136,

The retardation by sorption of radionuclides dissolved in migrat-
ing groundwater is much lower in brines associated with salt reposi-
tories than in water associated with many other geologic formations,
and two sets of geochemical parameters are needed for these two differ-
ent ground-water environments, .

Values used for the solubilities and retardation factors for se-
veral radionuclides need reassessing in the light of recent data. Re-
tardation factors for Sr and Cs are particularly sensitive to varia-
tions in ionic strength, and two different values should be used for
each. The solubilities for Tc and Np change enormously with slight
changes in redox potential, and the possibility of much greater re-
leasas of these nuclides under slightly oxidizing conditions shouid be
noted. Solubilities of Am compounds are especially uncertain and es-
pecially sensitive to changes in pH, and these uncertainties should be
recognized.

To establish release requirements that are both safe and attain-
able, EPA must have sufficiently good data to make realistic estimates
of the rate of transport of all important radionuclides through the
various repository lithologies and possible aquifers. Available data
are less than satisfactory for some radionuclides, and research is
needed to narrow the uncertainties.

(See Recommendations 1, 3, and 4, Geochemistry Subgroup Report,

Appendix A-5).

N. High-Level Radipactive and Transuranic Wastes Definjtions
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1. We recommend that EPA's definition of high-Tevel radioactive
wastes be consistent with that set forth in the Nuclear Waste Pol-
icy Act (NWPA) and coordinated with the definition used by the
Nuclear Regulatory Commission (NRC),

2. Me recommend that FPA check the definition of TRU waste to
ensure consistency, both within EPA and among EPA, DUE and NRC.

The following is proposed for EPA's consideration.

"High-Tavel radioactive wastes" means "(1) spent nuclear fuel if
disposed of without reprocessing; (2) the highly radiocactive material
resulting from the reprocessing of spent nuclear fuel, incTuding liquid
waste produced directly in reprocessing and any solid material derived
from such Tiquid waste that contains fission products in sufficient
concentrations (sufficient concentrations, as a general guideline, means
concentrations greater than those identified in Table 1 of the proposed
standard, but some flexibility is permissible in using these limits for
particular kinds of waste and particular disposal systems); {3) other
highly radicactive material that the NRC, consistent with existing law,
determines by rule requires permanent jsolation. High~Tevel waste may
not be converted to Tow-Tevel waste hy dilution, except for very small
amounts such as those produced in research or in medical practice."

Given the several and varied factors which currently may be used
to characterize TRU wastes and the complexity associated with resolving
this situation, we are not prepared to recommend a definition byt urge
EPA to make its definition consistent with that of aother agencies and
the intent of the NWPA,

(See Recommendations 1 and 2, Subpart A Subgroup report, Appendix

A-3.)

0. NDefense Wastes

1. We recommend that a suitable equivalency to the MTHM concept
(such as one based on number of fissions) be established for de-
fense wastes, and for some kinds of commerica] wastes.

The proposed rule does not adequately address these wastes, and
leaves vague the responsibilities for setting the standards for their
disposal.

P, FPA's Role as Coordinator

1. We recommend that EPA initiate action within the Federal gov-
ernment for the establishment of an interagency council Lo coor-
dinate the development of HLRW disposal policy, standards, and
regulatory practices and to serve as a forum for exchange of sci-
entific and technological information.
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Several Federal agencies are involved in the process of establish-
ing radiation protection policies, standards and operational require-
ments governing the disposal of high-level radiocactive wastes, including
EPA, NRC, DOE and DOD, together with the states involved and appropriate
antities of Congress and the judiciary. Overlapping and independent
authorities and responsibilities exist under present Taws. Conflicting
terminology and standards exist, e.g., the definitions of high-Tlaevel
and other radioactive wastes. The Subcommittee recommends that EPA
take the initiative within the Federal government to take the lead in
astablishing an interagency program for the coordination of radiation
protection policy and standards development relative to the disposal of
high-level and other radicactive wastes. Coordination of Federal pol-
jcies and practices is essential to the U.S. high-level radioactive
wastes disposal program, and the Subcommittee finds success of this
program highly unlikely without extensive interaction and agreement
among the appropriate Federal agencies. While either the NRC or DOE
could appropriately take the lead in this coordination, the Subcommit-
ree believes that the role more appropriately belongs to the RPA under
its authority to issue environmental standards and Federal Radiation
Protection Guidance.

Q. Needed Research

1. We recommend that EPA support and/or encourage other agencies
to support research in_technical areas where major uncertainties
sti11 exist, particulariy in the biological effects of radiation
and the controls on geochemical transport of radionuclides.

A substantial body of research supports EPA's proposed standards
as well as the recommendations of this Subcommittee, but major uncer-
tainties still exist in some of the basic data. The uncertainties have
led EPA and the Subcommittee to adopt generally conservative positions,
which may translate into undue costs. The Subcommittee strongly en-
dorses support of research aimed at diminishing or clarifying as many
»f these uncertainties as can be attacked with some hope of resolution.
The research, although expensive, could bring about 2 substantial re-
duction in the overall cost of the disposal system.

Three areas in which research is particularly needed, and in which
new technologies might make it particularly fruitful, are the biologi-
cal effects of radiation, the determination of better valyes for the
solubilities and retardation factors which control the movement of ra-
dionuclides in various kinds of repository environments, and the long-
term behavior of the repository host rock.

With respect to somatic and genetic effects at the very low dose
levels involved in possible population exposures, it 1S necessary to
extrapolate the dose-response model over several orders of magnitude
beyond our current knowledge. A concerted effort should be made,
using data from human subjects, laboratory animals and cellular systems
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15 appropriate, to provide a substantial improvement in the data base.
Such research would probably involve a cost which would he a small
fraction of the total expenditures under discussion.

Given the strong dependence on the genlogical barriers, it hecomes
critical that transport estimates for the various repositaory lithologies
and possible aquifers be thoroughly assessed. This assessment should
include those potentially real conditions (especially for pH and oxida-
tion potential) that extend beyond the ranges assumed in the generic
models. Specifically, data are needed for solubilities and retardation
Factors for most of the nuclides listed in Table 2 of the proposed stan-
dard plus additional data on retardation factors for fluid interactions
with a variety of appropriate and well-characterized solid media,

Most information on rock-deformation behavior used in the predic-
tion of repository performance is based on data obtained from small-
scale, short-term laboratory studies on intact rock specimens. Use of
this data for calculation of the full-scale, lTong-term behavior of rock
masses involves important simplifying assumptions of numerical and
closely-interrelated physical modeling, Tests of both the Targe scale
Tahoratory and in situ testing variety are needed to improve the reli-
ability of assessment of actual repository performance.

ATthough much of the needed research cited cannot he completed in
the short term, the Suhcommittee beliaves that, to the extent it is
possible, the results might Tead to a later reconsideration of some of
EPA's calculations, estimates, and subsequent decisions.



APPENDIX A

SUBGROUP REPORTS

Risk Assessment
Environmantal Pathways
Subpart A Requirements
Assurance Requirements
Geochemistry
Engineering/Economics

Biological Effects

A-1






APPENDIX A-]

REPORT

of the

RISK ASSESSMENT SUBGROUP

January 17, 1984

Dr. David Okrent, Chairman
Or. Robert Budnitz

Mr. Floyd Culler

Dr. Frank Parker



INTRODUCTION

1. Perspectives on Risk

It can be of value to gain a perspactive on the level of risk due
to geologic disposal of high level waste per the proposed EPA standard.
One hasis for gaining perspective on the level of safety sought hy EPA
in its proposed standard for the geologic disposal of high Tevel waste
is to examine a few other related aspects of societal risk.

1.1 Hazardous Chemical Waste

The Congressional Office of Technology Assessment has recently re-
leased a study entitled "Technologies and Management Strategies for
Hazardous Waste Control" (March 1983), Hirschhorn and Gough summarizad
the review in a recent symposium at MIT and gave a strong indictment of
current EPA practices, From this review and other sources (for example
R. Cohen, 1981), it seems that hazardous chemical wastes pose a threat
roughly on the same order as that from high-level radioactive wastes
from all of our reactors and in part would remain hazardous for extreme-
ly tong times. However, a hazardous chemical waste site, if it were
controlled per EPA's latest standards, would have an impervious liner
which might be good for 20 to 30 years, and would be designed for the
100 year flood. The owner could “walk away" from the site after ahout
25 years. Hence, it is reasanable to expect that such waste might be
contained, 20 to 100 years on the average, if disposed of im an EPA-
approved site. After that time, if not befare, one could expect that
the waste might move into the accessible environment.

1.2 lUranium Mill Tailings

NRC estimates imply that the uranium mil) tailings, if left uncov-
ered, but not dispersed, would result in about 3 premature deaths per
year averaged over the very long term, due only to radon released to
the atmosphere and inhaled. Current MRC approaches would reduce esti-
mated fatalities by a factor of ahout 100. EPA has proposed the use of
modified RCRA standards involving (i) impermeable Tiners, {ii} a com-
pltex monitoring and remedial action compliance program, (iii) no degra-
dation of the nearest aquifer below the tailings, (iv) design for sta-
bilization for 1,000 years, and (v) a radon release standard which re-
quires cover thick enough to minimize human intrusien and misuse of the
tailings.

The NRC staff opposes most of the EPA proposed standards as unwork-
able or unnecessarily stringent.

The EPA proposed standard for uranium mill tailings appears to be
far more stringent than those for hazardous chemical wastes but far
Tess stringent than that proposed for geologic disposal of high-level
radinactive wastes, at least with regard to water pathways.
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1.3 Indoor Air Pollution--Radon

EPA does not have any standards governing indoor air pollution,
including radon. Kasperson quotes a nationwide estimate of 1,600 an-
nual premature cancer deaths from radon exposure in byildings., Hurwitz
notes that the National Commission on Radiation Protection (NCRP) has
oroposed to rectify the present absence of residential radiological
standards by adopting a 1imit of two working level months per year for
public exposure to radon progeny. The risk from lifetime exposure to
this Timit is estimated by the NCRP to be 18,200 deaths per million (or
1.8 in a 100). Nero has summarized much of this problem, and his risk
estimates are compared with those for uranium mill tailings and with
the proposed EPA standard for high-level radioactive waste in Table A
(a1l for 10,000 years assuming the current U. S, population is static).

1.4 Intergenerational Risks

In general, we would prefer to avoid, whenever possibie, the trans-
fer to future generations of risks from current activities. Thus, given
a hypothetical choice between two disposal schemes which pose the same
costs and short-term risks, we would choose the scheme which had the

lesser long-term risk. In practice, however, the choices are far less

clear-cut, and selecting among alternatives involves balancing many
4ifferent attributes.

With regard to intergenerational effects, there are few, if any,
other major societal activities which could continue if forced to meet
a standard of requiring such small risks to generations as far into the
future. Such a criterion is not met for most, “if any, industries, in-
¢luding the mining of resources. The intergenerational aspect is not
met for the generation of electricity from fossil or alternative fuels.
It clearly is not met by our chemical industry.

Should it be? Should there be no increase in risk to future gen-
srations at the cost of deprivation, even premature death, today? Need
there not be a balance among benefits and costs, including costs to the
existing population? '

1f an extra cost of %2 billion is imposed on contemporary society
hy unnecessarily stringent standards for disposal of high level wastes,
this resource will not be available ({(a) to help prevent premature
deaths today, perhaps 20,000 (@ $7100,000/1ife saved? or (b) to help
continue development of society perhaps to the point of cures for many
forms of cancer, as well as to the point of energy substitutes for the
currently usable forms,

Hence, spending an extra $2 billion for unduly and unnecessarily
stringent high-level radicactive waste disposal may impose greater risks
hoth today and in the future. And it is by no means clear that society
values a premature death deferred 10,000 years from now nearly as much
as one deferred in the next 100 years.
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TABLE A

NUMBER OF POSSIBLE CANCER CASES NUE TO IONIZING RADIATION

NO, OF NO. OF CASES
ORIGIN CASES PER YR.Z PER 10,000 YR,Z
High-Tevel Rad. Waste Disposal3 up to 0.1 up to 1,000
Yranium Mi11 Tailings?
- lUnprotectedt 3 30,000+
~ Protected (covered, etc.) 0.03 300%
[ndoor Air Pollution
- Rasidential Exposure® 1,000 10,000,000
to to
20,000 200,000,000%
- Residential Weather- 250 2,500,000
ization (arlded casas)S to to
(Nero Estimate) 5,000 50,000,000%*
~ Regidential Weather- 10,000 100,000,000
ization (added cases)® to to
20,000 200,000,000*
Background Radiation’ 3,000 30,000,000
to to
4,000 40,000,000

[Cancer Deaths (1J.5.)8 (an causes) 430,000]

Notes: 1 These numbers are a1l calculated on the same bhasis using a linear

non-threshold dose response model, as noted on pp. A-7-3 and A-7-4
of this report. The linear non-thrashold model involves a high
degree of speculation, and the resulting values have little merit
as absolute indicators of the numbers of biological effects that
may occur. It has been used here to provide a framework within
which relative risks from various radiation exposure situations
can be compared.

Assuming constant U.S. popuTation and culture - numbers with (*)
are extrapolated from annual values.

EPA proposed rule 40 CFR Part 191 (December 1982) number per
100,000 MTHM high-Tavel radicactive waste repository.

NRC (October 1980). "Uranium Mit) Licensing Requirements: Final
Rules," Federal Register, 45, No. 194, $#5521-65538, Radon inhala-
tion exposures.
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TABLE A (Continued)

Nern, A.V. "Indoor Radiation Exposures From 222Rn and Its
Daughters: A View of the Issue," Health Physics, 45, No.2,
(August 1983), 277-288.

EPA Report EPA 520/4-78-013 (revised printing, July 1979)

NAS/NRC, The Effects on Populations of Exposure to Low Level of
Ianizing Radiation (November 1972) - (1972 BEIR Report).

American Cancer Society, Cancer Facts and Figures - 1982, 1981.

Does not include health effects from water pathways.



1.5 Time Scope for Risk Analysis

The EPA proposed rule is intended to apply for 10,000 years fol-
Towing disposal. This period was selected by EPA because it was con-
sidered sufficiently Tong for some radioactive release to reach the
accessible environment, yet short enough to permit reasonable predic-
tions of waste behavior,

Some have argued for longer time frames on the scientific grounds
that the risks are more important (possibly Targer) after 10,000 years
than during the first 10,000, This s usually based on the assumption
that the future society, instead of tasting its water for radioactivity
as 1s required tnday, will he completely ignorant of its presence., [t
appears to the subgroup that unless society reverts to a caveman stage,
in which case other hazards will be far mare significant, it is more
reasonable to assume that any society using this water after 10,000
years will be advanced technologically at Teast as far as we are today,
and testing of water and cleanup, if necessary, would take place,

1.6 The Role of Benefits

The proposed standards appear to impose more stringent require-
ments for Tight water reactor (LWR) fuel in which 6% of its original
uranium has been burned out than for LWR fuel in which only 3% has heen
fissioned. Yet society would have received twice as much benefit (in
the form of electricity) from the nigher burnup fuel, per ton of uran-
fum mined. Is this sensihble?

Many societal decisions relate the accepted or acceptable risk to
the associated benefit. Thus, EPA itself has different risk acceptance
Tevels for various pesticides and toxic substances, allowing greater
risk whare greater benefit is involved. Similarly, in the practice of
medicine, some diagnostic tests involving a probing of arteries near
the heart may involve a risk of severe consequences of the order of 1
in 500, hut the tests are nevertheless recommended when the potential
benefit warrants such a risk. On the other hand, much smaller risks
per person must be associated with vaccination for influenza.

2.  Probabilistic Methodology

The EPA staff, with the assistance of A.D. Little, have developed
2 useful methodology for evaluating the consequences of postulated re-
lease, as well as a rough way of estimating the frequency (or probabil-
fty) of such releases. The EPA staff appear to believe that they have
made very conservative assumptions in many areas and still calculate
that their generic repository can meet the proposed standard, in¢Tuding
its probabilistic requirements.

However, several strong disagreements have been axpressed with the
acceptability of the probabilistic portion of the proposed standards,
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a) Koplik, Kaplan and Ross, in their recent paper in Reviews of
Modern Physics, question any attempt to quantify probabilit-
fes. Ross repeats this objection in his comments on the pro-
posed rule. '

b)  The NRC staff strongly question the workability of quantita-
tive probabilistic requirements for the defined releases,
The NRC states, in part, "Numerical estimates of the proba-
bilities or frequencies of some future events may not be
meaningful, The NRC considers that identification and eval-
uation of such aevents and processes will require considerable
judgment and therefore will not be amenable to quantification
by statistical analyses without the inclusion of very broad
ranges of uncertainty. These uncertainty ranges will make it
difficult, if not impessible, to combine the probabilities of
such events with enough precision to make a meaningful con-
tribution to a licensing proceeding.”

¢) Representatives of Sandia National Laboratory have shown that
some scenarios may violate the release 1imits proposed in the
standard. These violations are mainly due to the large uncer-
tainties in the parameters affecting groundwater flow and ra-
dionuclide transport, and large uncertainties in estimating
the probability of the scenarios of interest. During discus-
cions with the Risk Assessment Subgroup, Sandia's staff indi-
cated that relaxing the release and probability Timits will
facilitate a finding of reasonable assurance in meeting the
standard.

d) There appears to be much disagreement among workers in the
field as to whether intrusion is a relatively likely event
or a highly unlikely event.

‘The EPA staff, with the aid of the Sandia National Laboratories,
Arthur D. Little Corp., and others, are having a series of additional
ctudies performed to provide insight into whether it 1is practical to
meet the proposed standard.

Based on the information available to the Subgroup on Risk Method-
ology, the Subgroup has insufficient basis for agreeing with the EPA
staff that the proposed release criterion with its probabilistic corol-
lary can be demonstrated to have been met with reasonable assurance,
and that this could be argued definitively in a legal setting.

Usually, meeting a probabilistic eriterion with a considerable or
high confidence means that the raal value of risk is significantly tess.
Hence, it is to be anticipated that when the NRC requires adequate as-
surance that the EPA standard has been mei, the likely health effects
will be substantially less than those used as a guideline in the pro-
nosed standards. '
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Findings and Recommendations

A, Numerical Limits--Lavels of Protections.

Finding #A-1  For most repository technologies and site types cur-
rently under active consideration by DOE, there appears to be a reason-
ahle likelihood that the levels of protection sought hy EPA in its draft
standard can be met, in fact. However, very large uncertainties exist
in our knowledge of the probabilities of many postulated release sce-
narios, and many input parameters are poorly known; hence, we believe
that repository designers will find it quite difficult and possibly ex-
cassively expensive to demonstrate with reasonable or high assurance
that the levels of protection sought by EPA in the draft standard have
heen met,

Recommendation #A-1  We recommend that EPA, in developing its
standard, be quided by the requirement that the standard should provide
adequate protection with regard to societal effects: that it can be met
technically for at least some known technological approaches: that it
will permit NRC to make a favorable finding with reasonable assurance:
and that it does not needlessly induce or lend itself to Tong contro-
versy and delay in arriving at a decision in the regulatory framework
and in court.

Recommendation #A-2

1. The probabiTistic release criteria in the draft standard should
he modified to read “Analysis of repository performance shall demon-
strate that there shall be less than 50% chance of exceeding the Tahle
2 limits, modified as is appropriate, on curies released to the acces-
sible environment in 10,000 years. Events whose median frequency is
less than 10-3 in the first 10.000 years need not be considered,"”

2. The Subgroup also recommends that the release limits in Table
2 be modified by a factor(s) such that, based on the studies available
to 7t up to the time of setting the standard, EPA has high confidence
that it will be practical for high-level waste repositories to be built
and operated with reasonable assurance that the EPA standard has been
met. The EPA position should be subject to the constraints (1) that
the facility/waste package/siting costs are not unduly large (i.e., that
the disposal process remains practical and cost effective), and (2) that
the criteria for disposal of high-Tevel waste remain substantially more
stringent as to societal risks than is currently accepted by EPA for
hazardous chemical wastes or exists from uranium miil tailings.

3. The Subgroup recommends that, if EPA cannot provide convincing
evidence that a quantitative probabilistic condition on its modified
Table 2 release 1imits is practical to meet, regardless of what definj-
tinn of accessible environment is finally adopted, and if there is not
considerable assurance that such a probahilistic condition wil)l not

A-1-8



lead to serious impediments (legal or otherwise) to the licensing of
high-level waste geologic repositories, EPA should adopt qualitative
criteria, such as those suggested by the NRC.

B, EPA's Method for Expressing the Desired Level of Protection

Finding #8-1 We find that the method chosen by EPA for expressing
the Tevel of protection required of a repository, involving a demons-
tration by the designer that certain radionuciide "release 1imits" have
not been exceeded, is a satisfactory approach to fulfilling EPA's stan-
dard-setting mandate. The “release limit" approach has the attractive
feature that a repository designer can work toward release-limit design
abjectives in an engineering sense, modifying his design to achieve
these objectives. At the same time, the release 1imits are close enough
to the desired endpoint of environmental protection (1imit to human
doses) that they bear a reasonable relationship to this end-point; but
the designer is not burdened with demonstrating that the specific end-
point, doses, are themselves not exceeded.

. Finding #8-2 We find that an approach to the EPA standard employ-

ing "Tndividual dose limits" considering "maximally exposed individual,"
~or alternatively some “average exposed individual, would in practice
be very difficult to meet with high assurance for very long times for
any repository concept currently under active consideration, if one as-
sumes no monitoring for radiocactivity or cleanup. This is partly be-
cause, for the far distant future, there cannot be much "assurance"
that a single individual might not, either foolishly, or ignorantly, or
even deliberately, compromise the repository's integrity to the extent
of making himself or some few other individuals vulnerable to large ra-
dioactive exposures.

Recommendation #&-1, Based on Findings B-1 and 8-2 We recommend
that EPA retain the "release 1imit" approach as its basic mechanism
within 40CFR191 for assuring adequate environmental protection from
deep geologic radioactive waste disposal.

Recommendation #B-2

We recommend that for the first 500 years the EPA standard should
embody an extremely low likelihood that increases in radioactivity con-
centration approaching the limits allowed by the EPA drinking water
standards will be found in potable well water drawn from a well adja-
cent to the site of the repository. In this way, the next 20 to 25
generations would be afforded an extremely Tow risk, For Tonger time
pariods, we recommend that EPA rely on the assumption that standards
similar to today's drinking water standards will exist to protect groups
of individuals, and that the proposed EPA societal criterion (modified
according to our other recommendations) be retained as the basis for
affording adequate protection in general.

Background The proposed EPA standard addresses only societal
doses, averaged over a suitably large population. In general, it
is expected that the risk to any individual will be extremely small for
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all technologies and site types under active consideration. However,
there are exceptions: for certain site types under certain unusual
conditions, nne can postulate physically feasible scenarios in which a
Timited number of individuals might use water drawn from an aquifer
which has Tow flow rates and relatively greater concentration of radio-
active materials than the typical aquifer; such aquifers located in the
"accessible environment” as defined, present a possible route whereby
quite large doses could be delivered to individuals. These doses would
occur long iato the future (thousands of years).

In principle, these scenarios cannot be ruled out for at least
some of the site types and technologies now under active consideration;
whether the standard should be cast in a form that rules them out is
the issue discussed here! There are other considerations: for example,
1¥ one assumes that the present EPA drinking water standards will apply
in this distant future, then the large doses would be prevented by tests
required at that time, except for those few individuals whose water did
not require testing under regulations then in force.

The intrusion issue is another that gives difficulty if a standard
incorporating individual dose 1imits were promulgated by EPA: acciden-
tal or even purposeful intrusion could contaminate the intruder himself
quite heavily, and might contaminate other innocent individuals, es-
pecially if one assumes that no radioactivity measurements are made,

[t is important to reiterate our conclusion that acceptance of the
present EPA-proposed approach does imply possibly high doses for some
individuals using water in the "accessible environment," in some rare
scanarios for some technologies and site types now under active consid-
eration.

. Time Frame Considered

Finding #C-1 We find that in constructing and applying analytical
models of repository performance, there is a significantly greater dif-
ficulty in modeling the period heyond about 10,000 years than in model-
ing the period up to ahout 10,000 years. This is because in the earlier
period there is greater assurance that certain important geological pro-
cesses (glaciatiaon, tectonic changes, vulcanism, etc.) will not differ
much from the present situation, while beyond about 10,000 yeaars the
degree of assurance falls off significantly.

Finding #C-2 We find that for certain long-lived radionuclides
Tikely to be placed in repositories (or daughters of these), the im-
pact on the accessible environment is likely to be greater in the
period after about 10,000 years than before. Also, some natural phe-
nomena such as glaciation could become significantly more Tikely if a
time period of 50,000 years rather than 10,000 years is considered.
dowaver, we find that the degree of confidence with which impacts can
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be modeled further in the future is poor. We conclude that assurance
of adequate repository performance can be attained best by concentrat-
ing analytical effort and repository design effort on achieving satis-
factory performance through the first 10,000 years.

Finding #€-3 We find that models are able to give some useful in-
sights concerning differences among sites further in the future than
the first 10,000 years, especially when the models are exercised par-
ametrically to explore sensitivity to various parameters or postulated
scenarios. These insights would be qualitative or semi-quantitative,
even though the results of the models appear on their face to be quan-
titative.

Recommendation #C-1, Based on Findings C-1, C-2, C-3
We recommend that EPA retain the 10,000-year time period it has select-
ed as the basis for determining the adeguacy of repository performance.
We believe that the use of formal numerical criteria limited to this
approximate time period is an acceptable regulatory approach.

‘ Recommendation #C-2, Based on Findings C-1, C-2, C-3

“We recommend that EPA adopt as part of its Federal Radiation Protection
Guidance the advice that "the selection of sites for high-level waste
-disposal systems shall take into consideration potential releases of ra-
dioactivity into the accessible environment for times somewhat longer
than 10,000 years, say 50,000 years."” The guidance should state that
the purpose of the analysis is to provide assurance within the large
uncertainty band inherent in such analyses that disposal systems are
expected to continue to release radioactivity slowly without an abrupt,
very large degradation in performance from that required in the first
10,000 years. Such an evaluation would be only one attribute to be in-
cluded in the overall judgment among sites; however, as stated in
recommendation C-1, the licensing of a repository should be based oniy
on meeting the EPA standard for the first 10,000 years.

Background  Several contributors to the comment record have indi-
cated that a cut-off at 10,000 years does not necessarily assure ade-
quate protection. Considerations of about 100,000 years, or even 1
million years, are suggested; and the WISP report suggests considering
all future times.

[t is apparent that some radionucltides, such as progeny of the
heavy elements, have impacts beyond 10,000 years that might be fmpor-
tant. However, it is also apparent that modeling these impacts becomes
increasingly difficult and uncertain in that time period. The subgroup
questions that health effects farther in fime should be given great
weight compared to those during the first 10,000 years.

The solution we offer is that consideration be given to a tater

time period, in the form of estimates of impacts to 50,000 years, as
one input among several that goes into the process of site selection.
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There are other issues involved in consideration of time periods
5o far into the future. For example, the form that society will take
defies definition...even 1,000 years from now. [t could be that the
somatic impacts of concern are mostly curable by then. Methods for
cleaning up radiocactively contaminated water already exist.

In any event, there is no other aspect of hazard regulation that
considers impacts even as far as 10,000 years into the future.

N. Qre RBodies Impacts

Finding #0-1 The EPA-sponsored analysis of the radiological im-
pacts of ore bodies bearing uranium, which was used as & point of com-
parison with the calculated risks of future repositories, contains
conservatisms and large uncertainties, An Jimproved analysis might
clarify some of these comservatisms and narrow some of the uncertain-
ties, but Targe uncertainties would remain simply because the range of
natural ore body properties is so large.

Finding #0-2 The comparisgn between repository future impacts
and the impacts of comparable ore bodies has a simplistic appeal. The
notion that the long-term impact of repositories would be no greater
than that of undisturbed ore has an attraction of undeniable value.
However, we find that the comparison is subject to widespread misunder-
standing and is not made for any other materials so far as we know.

Recommendation #D-1, Based on Findings #D-1 and #D-2 We recommend
that the EPA final standard down-play the ore body comparison.

Background There is a widespread misunderstanding that the EPA
chose the level of protection to achieve an impact less than that of
the undisturbed ore bodies; this is not true. There is also such a
hroad variation among ore bodies in npature that no such thing as a
"typical" ore body exists, insofar as 1its impacts are concerned,

Also, we have not uncovered any other materials disposed of in the
zarth for which this comparison is made: imagine comparing the jmpact
of undisturhed iron ore with the impact of disposing of used automo-
biles by burial! More complicated is the impact of organic chemicals
compared to the impact of the undisturbed petrnleum deep underground
...Here the chemical transformations of advanced technologies are more
analogous to the fissioning of uranium to produce quite different ra-
dipactive materials.

For these reasons, we believe that the ore body analogy should be
down=-played by EPA,

E. Stringency Of Release Limits
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he modaled further in the future is poor. We conclude that assurance
of adequate repository performance can be attained best by concentrat-
ing analytical effort and repository design effort on achieving satis-
factory performance through the first 10,000 years.

Finding #0-3 We find that models are able to give some useful in-
sights cencerning differences ameng sites further in the future than
the firet 10,000 years, especially when the models are exercised par-
ametrically to explore sensitivity to various parameters or postulated
scanarios. These insights would be qualitative or semi-quantitative,
aven though the results of the models appear on their face to be quan-
titative.

Recommendation #C-1, Based on Findings C-1, C-2, c-3
We recommend that EPA retain the 10,000-year time period it has select-
od as the basis for determining the adequacy of repository performance.

We believe that the use of formal numerical criteria limited to this
approximate time period is an acceptable regulatory approach.

Recommendation #C-2, Based on Findings C-1, C-2, €-3

We recommend that CPA adopt as part of its Federal Radiation Protection
Guidance the advice that "the selection of sites for high-level waste
disposal systems shall take into consideration potential releases of ra-
dipactivity into the accessible environment for times somewhat longer
tnan 10,000 years, say 50,000 years." The guidance should state that
the purpose of the analysis is to provide assuranceé within the large
uncertainty band inherent in such analyses that disposal systems are
expected to continue to release radioactivity slowly without an abrupt,
very large degradation in performance from that required in the first
10,000 years. Such an evaluation would be only one attribute to be in-
cluded in the overall judgment among sites; however, as stated in
racommendation C-1, the Ticensing of a repository should be based only
on meeting the EPA standard for the first 10,000 years,

Background Saveral contributors to the comment record have indi«
cated that a cut-off at 10,000 years does not necessarily assure ade-
quate protection, Considerations of about 100,000 years, or even 1
million years, are suggested; and the WISP report suggests considering
all future times, '

It is apparent that some radionuclides, such as progeny of the
heavy elements, have impacts beyond 10,000 years that might be impor-
tant, However, it is also apparent that modeling these impacts becomes
increasingly difficult and uncertain in that time period. The subgroup
questions that health effacts farther in time should be given great
weight compared to those during the first 10,000 years.

The solution we offer is that consideration be given to 2 later

time period, in the form of estimates of impacts to 50,000 years, as
one input among several that goes into the process of site selection.
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There are other issues involved in consideration of time periods
50 far into the future. For example, the form that society will take
tafies definition...even 1,000 years from now. It could be that the
gomatic impacts of concern are mostly curable by then. Methods for
zleaning up radioactively contaminated water already exist.

| In any event, there is no other aspect of hazard regulation that
onsiders impacts even as far as 10,000 years into the future.
|

1. 0Ore Rodies Impacts

I Finding #0-1 The EPA-sponsored analysis of the radiological” im-
bacts of ore bodtes bearing uranium, which was used as a point of com-
narison with the calculated risks of future repositories, contains
conservatisms and large uncertainties. An improved analysis might
clarify some of these conservatismg and narrow some of the uncertain-
ties, byt large uncertainties would remain simply because the range of
1atural ore body properties s so large.

finding #D-2 The comparison between repository future impacts
and the impacts of comparable ore bodies has a simplistic appeal. The
notion that the long-term impact of repositories would be no greater
“han that of undisturbed ore has an attraction of undeniable value,
fowever, we find that the comparison is subject to widespread misunder-
standing and is not made for any other materials so far as we know.

Recommendation #D-1, Based on Findings #D-1 and #D-2 We recommend
hat the tPA final standard down-play the ore body comparison.

Background There is a widespread misunderstanding that the EPA
chose the level of protection to achieve an impact Tess than that of
the undisturbed ore bodies; this is not true. There is also such a
»road variation among ore bodies in nature that no such thing as a
‘typical” ore body exists, insofar as its jmpacts are concerned.

Also, we have not uncovered any other materials disposed of in the
2arth for which this comparison is made: imagine comparing the impact
of undisturhed iron ore with the impact of dispasing of used automo~-
»iles by burial! More complicated is the impact of organic chemicals
ompared to the impact of the undisturbed petroleum deep underground
...fere the chemical transformations of advanced technologies are more
inalogous ta the fissioning of uranium to produce quite different ra-
tinactive materials.

For these reasons, we believe that the ore body analogy should bhe
town-played by EPA,

Stringency Of Release Limits
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Finding #E-1 We find that, on the basis of comparison with pre-
sent control practices over other man-made and natural risks to which
the general public are exposed, the societal objectives and release
limits presently proposed by EPA have been derived with excessive con-
servatism with respect to radiation protection for high«level radioac-
tive waste disposal repositories.

Recommendation #E-1  The Subgroup recommends that the proposed
sociatal risk objective (l1imit of 71,000 estimated premature cancer
daaths in 10,000 years) be relaxed by at least a factor of 10, and
that the proposed release standards should be relaxed accordingly.
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Recommendation 1

The EPA should consider using the concept of effective dose equiv-
alent in setting a dose limit in Subpart A of 40 CFR 191,

Background for Recommendation 1

In Subpart A of 40 CFR 191, the EPA specifies dose limits of 25
mrem/yr to whole body, 75 mrem/yr to the thyroid, or 25 mrem/yr to any
sther organ. These limits are the same as these in 40 CFR 190, and
they are based essentially on the critical organ approach to radiation
protection. In Subpart B, however, the radionuclide release limits are
derived using a sum of dose equivalents to different body organs
weighted by the stochastic risk factors for each organ. This s the
same approach as the effactive dose equivalent by the International
Commission on Radiation Pratection in their reports (ICRP 26 and 30).
Thus, the two approaches to calculating doses in Subpart A and B are
clearly not consistent,.

There are two basic problems with the dose limitation approach
used in Subpart A: (1) the ICRP no Tonger calculates & whole body dose
as the total energy absorbed in all body tissues divided by the 70 kg
mass of the body; (2} the various dose limits to different tissues do
not yield the same number of health effects. With regard to the first,
the ICRP now recognizes that it is specific body tissues and not "whole
body" which are at risk. With regard to the second, the problem of dif-
ferent risks leads to predicted health effects which differ by a factor
of 25 between whole body and thyroid and more than a factor of 10 be-
tween different organs &t risk, excluding whole body. Thus, the dose
limits are not clearly related to risk.

Recommendation 2

The EPA should consider ways to ensure that the models and associ-
ated input parameters used for the environmental pathway and health
risk calculations are clearly defined, reproducible, and based upon
the best information currently available,

Background for Recommendation 2

The computations of environmental dose commitment used in support
of the proposed standards were made several years ago with dosimetric
approaches and computer models available at that time. Some improve-
ments in these areas have been made in the intervening years. Incorp-
oration of these improvements, where applicable, would increase the
technical basis for the proposed standards. Several changes that fall
into this category are changes in the quality factor for alpha parti-
cles from 10 to 20, elimination of the use of a factor for nonuniform-
ity of dose in bone, and consideration of different values for GI ab-
sorption based on the ingestion of radionuclides incorporated into



foodstuffs. One way to accomplish an updating of methodoiogy would be
to use the RADRISK computer code that reflects the latest ICRP views
on internal dosimetry models. Regardless of what models are used, the
results are much more convincing if they can be reproduced by others,
This requires that all applicable input parameters that are used be
¢learly tabulated to ensure the same factors are used by all interested
parties. In the material currently available, a number of these para-
meters are embadded in computer programs and are difficult to verify.

Having made the calculations with the best available inforwmation,
it is important to use the results of the calculations consistently
when deriving releasa Timitg such as those Tisted in Table 2 of 40 CFR
191. The value listed for 99Tc calculated in a manner similar to other
radiornuclides is approximately 35,000 instead of the 10,000 Tisted.
This reduction appears to have been made arbitrarily. Likewise, the
basis for the value for "any other alpha-emitting radionuciide” and
“any other radionuclide which does not emit alpha particles" is not
clear and should be carefully described since these values apply to a
large number of individual radionuclides.

The conversion of environmental dose commitments to expected
health effects involves the use of a risk value for each organ consid-
ared. Several different compilations of health risk estimates of this
type have been made during the last decade. The strongest approach
that could be made in these analyses would be to use a consistent set
as proposed by the ICRP, UNSCEAR, or BRIR I1l. If for some reason this
is not feasible, exceptions to values from a generally recognized re-
port should be documented and explained. The origin of the values cur-
rently being used is not specified, ‘ »

Recommendation 3

The EPA should consider using up-to-dsgﬁ dosimf%ry data to calcu-
late organ doses for external exposure %o Zr and 126%n on a contami-
nated ground surface.

Rackground for Recommendation 3

Out-of-date dosimetry factors from the 1967 report, ORNL-4101, are
considered inappropriate for the EPA's calculations of organ doses for
external exposure to “°Zr and 12650 on a contaminated ground surface.
The main di fficulty with the data in ORNL-4101 is that only the dose
rate in air above ground surface is given, not the dose to any body or-
gans. For 932r in particular, which_ produces only X rays of energy
Tess than 20 keV from decay of the 93mNb daughter, the data in Health
Physics (Vol. 38, p. 543, 1980) show that the use of the dose in air by
the FPA overestimates the dose to any body organs by at Teast 2-3 or-
ders of magnitude. Thus, the EPA has greatly overestimatig.the health
risk from external exposure to 99Zr in surface soil. For 6Sn, on the
other hand, the external dose rate in air obtained from ORNL-4101 is
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10t significantly different from the dose rate factors for different
vwody organs found in the Health Physi¢s paper, but the %?1cu1ations
should sti11 be based on up-to-date dosimetry data for 1265n and the
taughter products 126mSh and 126gh,

lecommendation 4

The EPA should consider a re-evaluation of the assumed fraction of
ictivity in rivers which is transported to the land surface via irriga-
tion,

lackground for Recommendation 4

The average flow in streams in the contiguous United States is
1,200 bi1Tion gallons per day (BGD) {The Nation's Water Resources:
975-2000, Vol. 1, Summary, U. S. Water Resources Council (WRC), Dac.
1978, p 1h]. Fresh water withdrawals from streams and ground water far
rrigation in 1975 were 160 BGD (WRC, p. 37) so that on the average in
he contiguous United States only a maximum of 13% of stream flow was
ised for irrigation. For example, California has a total stream flow
of 47 BGD and is the single largest user of irrigation water, 35 BGD,
"he total ground water use is 19 BGD. Therefore, if all the ground wa-
er {19 billion gallons) were used for irrigation, them irrigation
wuld require 34% (35-19/47) of stream flow or if all irrigation water
vere stream flow then it would require 74% (35/47) of stream flow,

The percentage of cropland irrigated can also be deduced from the
RC repert. There are 45 million acres of irrigated cropland out of j
.otal of 422 million acres in c¢rops. The total land surface in the
:ontiguous United States is 3,022,261 square miles, or almost 2 billion
icres  (Statistical Abstracts of the United States - 1974, U. $. Bureau
f the Census, p. %.). Therefore, the approximate total percentage of
and surface in crops is 22%, and in irrigated crops is 2%.

‘ecommendation 5

The EPA should consider the recycling of activity removed from
011s to rivers, particularly if the fraction of activity in rivers
thich is removed by irrigation is assumed to be relatively large.

iackground for Recommendation 5

In the EPA models, activity removed from the soil root zone, as
letermined by the soil leaching coefficient, is assumed to be no Tonger
ivailahle for human exposures, This assumption could lead to an under-
wtimate of the total residence time of activity in soils for radio-
melides with relatively large soil leaching coefficients, e.g., for
"Tc. Tt is easy to estimate the effects of this recycling of activity
n the total residence time of radiomuciides in the soil compartment.
‘or example, about 85% of the water in soils which is not removed by
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evapaoration or evapotranspiration is returned directly to rivers; the
remaining 15% goes to groundwater which EPA apparently treats as an in-
accessible compartment. Then, for rapid removal and recycling of ra-
dionuclides in soils and rivers, it is easy to show that the fraction
of the activity released to a river which is eventually deposited on
the surface is given by
f = fRE1/(1 - 0.85fy)1,

where fp is the fraction of the river flow which is assumed to be
transported to the land surface via irrigation. If fp = 0.5 as in the
EPA analysis, recycling would increase all exposures from activity in
5011 by a factor that could be as large as 2, depending on the value
chosen for the soil leaching coefficient. If fp = 0.1 were chosen in-
stead, then the increase due to recycling would only he about 10% or
less,

Recommendation 6

The EPA should consider re-evaluation of the terrestrial food-
chain pathways for isotopes of (s, Ra, U, Pu, and Am in light of the
comparison with a natural analog model.

Backaround for Recommendation 6

The comparison with a natural analog model for transfer of ele-
ments from s0il1 to man suggests that the EPA terrestrial food-chain
pathways models may overestimate exposures for long-lived isotopes of
Cs, Ra, U, Pu, and Am by about a factor of 5, The EPA should consider
whether such an adjustment for these pathways and elements would bhe
desirable. A re-avaluation of the terrestrial food-chain .pathways
could involve, for example, a comparison of the EPA data base with re-
cent data published by Yook Ng amd coworkers at Lawrence Livermore
National Laboratory, in order to determine if kay parameters may have
been overestimated,

The natural analog model on which this recommendation is based as-
sumes that an upper 1imit for the probability of movement of radionuc-
lides from s0il to man via terrestrial food chains cam be estimated
from the known concentration of stableelement analogs in soil and the
known total intake rate of the analogs by man. This approach is most
appropriate for long-lived radionuclides which should achieve equili-
brium with their natural analogs before radicactive decay occurs. It
provides a simple, one-parameter description of the transfer of ele-
ments from soil to man, which.can be used to evaluate the multi-para-
meter EPA food-chain model. Average soifl concentrations of elements
can be obtained, for example, from the compilation of Vinogradov [The
Geochemistry of Rare and Dispersed Chemical Elements in Soils, Consul-
tants Bureau, Inc., New York (1959)], and the average intake rates by
man are available in ICRP Publication 23.

A2-5



smmendation 7

The EPA should consider re-evaluation of the environmental trans-
c of 1291 ysing information on the known cycling of stable iodine in
enyiranment,

<qround for Recommendation 7

Calculation of Tong-term dose from 1491 should be based on the
sn cycling of stable iodine in the environment, This would probab-
Jjive somewhat higher exposures per unit release for the soil-to-man
ways than those given by the EPA models. Specifically, the soil
~ning coefficient for jodine given in Table 5-4 of the EPA Environ-
“al Pathways report by Smith (EPA (520/5-80-002) is known to be
it two orders of magnitude too high, i.e., the mean residence time
indine in soil assumed by the EPA is about two orders of magnitude

Tow and, thus, leads to an underprediction of exposures via the
| te man pathways [see Environ. Int. 5, 15, (1981)].

smmendation 2

The EPA should consider use of appropriate models for the time-
andence of resuspended activity in soil and external exposure from
taminated soil.

<ground for Recommendation 8

Tha EPA should consider modification of the resuspension model to
2 into account that resuspension occurs only from the top soil layer,
from the entire root zone. The appropriate time dependence of re-
sansion depends on whether the sofl is assumed to he undisturbed or
1uently plowed. A model for undisturbed soil has been given by
nett [p. 367 in Transuranic Nuclides in the Environment, IACA
76)]. In either case, a more suitable mode! would probably reduce
1icted exposures to resuspended plutonium by about a factor of 5,
5, the EPA model is probably quite conservative. Calculations of
brnal exposures from contaminated soil should either be based on a
|wshed mode] for undisturbed s0il [Appendix VI of the Reactor Safety
dy, WASH-1400 (1975)] or take into account the shielding provided
soi1 if uniform mixing in the 15 cm root zone is assumed [D. C.
har and A, L. Sjoreen, Dose-Rate Conversion Factors for External
ysure to Photon Emitters in Soil, submitted to Health Physies].
her of these models would provide external doses which are signif-
1tly less than those estimated by the EPA, i.e., the EPA calcula-
hs are probably conservative.

pmmendation 9

|
| The EPA should consider addressing more fully the levels of uncer-
ty in the environmental pathways analyses.
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Rackground for Recommendation 9

The analyses of envirormental pathways explicitly recognize that
rhere are substantial uncertainties in the estimates of doses delivered
to populations from specified curie releases of radionuclides from re-
positories, Nowhere, however, does EPA try to assess the overall Tevel
of uncertainty in its calculations, nor does EPA attempt to compare the
Tevel of uncertainty in the pathways analyses to uncertainties in the
analyses of radinnuclide movement through -the geosphere to the acces-
sihle environment or in the conversions of doses to cancer and genetic
mutations in humans. An overall assessment of uncertainty in the ef-
fects of specified curie releases might be useful for evaluating the
suitability of the proposed assurance requirements and in determining
the appropriateness of the values chosen for release 1imits to the ac-
cassible environment.

The uncertainties in parametric values in the environmental path-
ways analysis could be placed into four categories, as Tollows:

1., Use of average values instead of situation-specific ones
(e.g., proportion of river water used for irrigation);

2.  Variations in results from different studies and experiments
{(e.q., surface resuspension of radionuclides);

3, lack of knowledge about the behavior of radionuclides in the
anvironment over very long periods of time (e.g., the resi-
dent time of radionuclides in the “available environment");
and

4. Lack of knowledge about human behavior and systems in the far
future {e.g., farming techniques and diets may be substantial-
1y different).

The EPA analysis usually does not evaluate the type and extent of
uncertainty associated with its choices of parameters. Moregver, EPA
does not appear to have used a consistent philosophy of dealing with
uncertainty. In some cases, assumptions are knowingly made that are
believed to lead to high estimates of population dose. For instance,
the drinking water pathway analysis consarvatively assumed that neither
sedimentation in the hypothetically contaminated river nor filtration
in the water supply would remove radionuclides discharged into the riv-
er. Depending on the specific characteristics of the river and water
supply system, the EPA approach overestimates the population dose from
this pathway by a factor of ten or more.

On the other hand, some parametric choices are "hest guesses” that
may be either too high or too law. For instance, the value used for
absorption of neptunium-237 through the human gut is EPA's best esti-
mate basad on current knowledge, although the uncertainty may be an
order of magnitude.
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Recommendation 10

The EPA should consider presenting a discussion that would put in
perspective the level of risk of 1,000 health effects in 10,000 years,

Background for Recommendation 10

The baseline EPA health standard is 1,000 excess deaths in 10,000
years. This then is 0.1 death per year from a 70,000 MT repository.
Assuming that we will have five repositories, this is equivalent to in-
creasing the annual death rate in the U,S. of 2,000,000 from all causes,
or 430,000 deaths from cancer, by Tess than 0.5 deaths.

Further assume that radiation dose from cosmic rays is increased 1
millirem per year for each additional 100 feet in elevation. The EPA
standard would be reached if each of us were 1 foot closer to the sky,
assuming that the risk to the population from genetic and somatic ef-
fects of radiation is 200 excess deaths per million persons exposed to
one rad and that the U, S, population is 230 million. It is also equi-
valent to each of us spending one-half minute in Denver. With 50,000
deaths from automobile accidents each year, the EPA standards are equi -
valent to the automobile deaths that occur in a five-minute period. On
jet passenger planes the dose is approximately one millirem per 1,000
miles; therefore, flying 100,000 miles is equivalent to the annual
deaths from one repository or each of us flying 1/400 of a second, One
could make an infinite number of comparisons with the EPA standards and
see that they are not only impossible to detect, they are also so0 low
that they must truly be considered de minimis.,

*
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Recommendation 1

&
The FPA should consider changing the definition of high-Tevel ra-
dipcactive waste to the following:

"High~tavel radioactive waste" means (1) spent nuclear fuel if dis-
posed of without reprocessing; (2) the highly radioactive material re-
sylting from the reprocessing of spent nuclear fuel, including 1iquid
waste produced directly in reprocessing and any solid material derived
from such liquid waste that contains fission products in sufficient
concentrations; sufficient concentrations, as a general guideline, mean
concentrations greater than those identified in Table 1, hut some flex-
ipility is permissible in using these limits for particular kinds of
waste and particular disposal systems; (3) other highly radicactive ma-
tarial that the NRC, consistent with existing law, determines by rule
requires permanent isolation. High-level waste may not be converted to
Tow-Tlevel waste by dilution, except for very small amounts such as
those produced in research or in medical practice.

Rackground for Recommendation 1

The subgroup prefers this definition because (1) it is consistent
with the definition in NWPA, (2) it does not mandate deep geologic dis-
nosal of low-level solids that may be derived from high-level liquid
waste, (3) it provides a definition of "sufficient concentrations” that
is specific and consistent with NRC's definition of Tow-level waste
(10CFR61), yet is somewhat flexible, and {4) it prohibits modifying
high-Tevel waste by dilution, except for very small quantities.

The working group has two additional recommendations related to
this definition: {1) that concentrations be given as curfes per unit
volume (rather than unit mass) to correspond to NRC usage in 10CFR61,
and (2) that a note be added to Table 1: These limits are intended as
guidelines only, and may be somewhat modified if, in the Jjudgment of
NMRC, this is warranted for particular situations,

The Subcommittes notes that EPA's proposed definition may preclude
alternative satisfactory disposal techniques (such as greater confine-
ment disposal) for "intermediate" wastes and wastes needing shorter
isplation Limes,

Recommendation 2

The EPA should check the definition of TRU waste to ensure consis-
tency, hoth within EPA publications and between EPA publications and
those of DOE and NRC.

Background for Recommendation 2

The working group notes that the definition in paragraph 191.02{c)
specifies alpha-emitting transuranic isotopes with half-1ives greafer
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than one year, while the definition in the Supplementary Information
(page 58197, middle column) includes only isotopes with half-lives
greater than 20 years., The working group notes also that another pos-
3ible definition of TRU wastes could be based on the calculated amount
of alpha-emitting transuranic isotopes that would be contained in TRU
waste after a specified period, say 100 years. For TRU wastes contain-
ing appreciable amounts of fission products, still another definition
could be based on heat output averaged over a single waste package.
Further, the working group notes that other isotopes besides transuran-
ic isotopes, notably Ra-226, are significant alpha emitters and might
well be included in the definition.

The working group takes no stand on these possibie variations in
the definition of TRU wastes, but urges EPA to make sure that its def-
inition and those of other agencies are cansistent.

Recommendation 3

In setting a dose limit (paragraph 191.03{a)), the EPA should con-
sider using the concept of dose equivalent.

Rackground for Recommendation 3

(1) As noted by the Subgroup on Environmental Pathways, the con-
cept of effective dose equivalent is a more accurate and more up-to-
date basis for setting dose limits than the critical-organ approach
used by EPA. The subgroup recognizes, however, that using this concept
would destroy the parallelism between dose limits proposed in 400FR190
and those in Subpart A of 40CFR191, Ideally the limits in both 190 and
191 should be based on effective dose equivalent, and the subgroup
thinks this change should be made eventually. As to whether the change
is desirable in the immediate future, the opinion of the subgroup is
divided.

The EPA should present an analysis to show the range of the dif-
ferences in dose 1imits calculated by the ¢ritical-organ and dose~equiv-
alent approaches, noting that the calculation in 40CFR 150 is several
years old and was based on an approach which is no longer in general
use and, in fact, was not used in Subpart B.

Recommendation 4

The EPA should analyze the practicality of implementing the sug-
gested dose Timits at facilities that include operations of both the
uranium fuel cycle and the management and storage of high-level wastes.

Background for Recommendation 4

The suggested dose Timits are well below 1imits based on Federal
Radiation Council Guidance. While EPA has demonstrated that the sug-
gested limits, or even lower Timits, should be attainable in normaT
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management and storage operations, it is not clear that they are real-
istic at combined facilities which in¢lude operations pertaining to
the uranium fuel cycle. For such facilities, some deviation from the
suggested limits could be allowed without endangering public health
and safety. If analysis shows that some flexibility in the limits is
necessary for normal operations at such combined facilities, the sub-
group suggests that minor deviations should be permitted without the
necessity of requesting variances for unusual operations as described
in Section 191,04,

Recommendation 5

EPA should revise paragraph 191.,02(e} as follows:

"Management and storage" means any activity, operation, or process,
except for transportation, conducted to prepare spent nuclear fuel,
high-level radioactive wastes, or transuranic wastes for disposal, the
interim storage of any of these materials after their preparation for
disposal has been initiated, or activities associated with the disposal
of these materials,

This suggested rewording will clarify the distinction between the
categories of radicactive waste to be included under 40CFR190 and
40CFR191, and will establish a time for bringing defense waste under
the Ticensing authority of NRC.

Question 1

The proposed 40CFRI91 gives no consideration to possible accidental
releases of radioactive materials to the environment during management
and storage operations. Would the doses that result from such releases
be included in normal operations requirements? What action would be
axpected of the operator and the implementing agency in evaluating com-
pliance with the proposed standard?

The subgroup has no recommendation to make at this point, but it

is concerned about accidental releases and wonders if they should be
given some attention in the proposed regulation.
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INTRODUCTTON

Section 191.14 of the proposed rule ({"Assurance Requirements")
spacifies seven requirements for the disposal of high-level and tran-
suranic (TRU) wastes. These seven Assurance Requirements supplement
the quantitative "Containment Requirements" 1in Section 191.13. The
FPA sees these qualitative requirements as necessary in order to assure
compliance with the numerical release limits in Section 191.73, which
apply for the first 10,000 years following closure of a repository.
In reviewing the proposed Assurance Reguirements we have judged them
hy EPA's ¢ritarion of essentiality.

The Subgroup notes that the Assurance Requirements could sarve
the additional functions of helping to provide protection of the
environment beyond 10,000 years, and helping to provide protection for
the maximally-exposed individual. We have regarded these two additional
ohjectives as important considerations in judging whether the proposed
Assurance Requirements help to provide confidence in the safety of
waste disposal systems commensurate with their 1ikely economic and
requlatory costs.

The Assurance Requirements are qualitative; they do not themselves
specify numerical limits or objectives. The applicant {D0E), hawever,
may find that calculations are necessary or are the most useful approach
to show compliance with some of the Assurance Requirements.

In any event, the Subgroup encourages a quantitative approach
whenever it may help in the evaluation of a proposed waste disposal

sysbem.

To evaluate the proposed Assurance Reguirements we have relied
principally on (1) the Supplementary Information in the public notice
of the proposed standard (47 Federal Register 5820058207, Dacember 29,
1882), (2) the Draft Environmental Impact Statement for 40CFR191: En-
vironmental Standards for Management and Disposal of Spent Nuclear Fuel,
High-Level and Transuranic Radjoactive Waste, EPA 520/1-82-025, December
1982 {esp. pp. 120127), and (3} the PNraft Regulatory Impact Analysis
for AQCFR 191: Environnmental Standards for Management and Disposal of
Spent Nuclear Fuel, High-Level and Transuranic Radicactive Wastes,

EPA 520/1-82-025, December 198Z (esp. pp B1-865). The Subgroup also has
benefited from informal hriefings by cognizant EPA staff.

The Subgroup reached general agreement on seven of the nine re-
commendations that follow this Introduction, although not all members
subscribe to details of the wording. For Recommendations Seven and
Nine we have described alternative wording in order to indicate ex-
plicitly the range of views within the Subgroup. A Summary of the
Subgroup's recommendations begins on page A-4-70,
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On one other aspect of the Assurance Requirements opinions also
were sharply divided: the question as to whether Assurance Requirements
should be a part of EPA's standard or left for NRC to promulgate. A1l
members of the Subgroup recognized that such requirements are essential
somewhare in the regulatory structure, but some (Drs. Budnitz, Krauskopf
and Okrent) thought they would be hetter incorporated in an NRC rule.

¥ EPA wishes to retain the qualitative assurance requirements, the
majority of the Subgroup recommends that they be made part of the Fe-
deral Radiation Protection Guidance, rather than part of the standard,
if such a step would not lead to protracted legal or interagency dis-
agreements. If such delays are unavoidable, then the majority of the
subgroup believes EPA should do no more than place the assurance re-
quirements in the Preamble to 40CFR191.

Recommendation 1

The EPA should consider stating that the Assurance Requirements
pertain only to mined, geologic repositories.

Rackground for Recommendation 1

EPA's technical background studies and draft environmental impact
statement assess only mined geologic repositories in detail. Alterna-
tives, such as rock melting, deep hole, deep ocean sediments and space
disposal, are not considered quantitatively, in part because the safety
of these technologies has not been demonstrated adequately. More re-
search would be necessary before any of these alternatives could be se-
lacted for disposal of highly radicactive wastes.

The Department of Energy, moreover, has formally selected deep
mined geologic repositories as the technology to be used for permanent
jsolation of high-level radioactive wastes. The Congress has confirmed
this approach, at least for the first two repositories, in the Nuciear
Waste Policy Act of 1982.

Some of the proposed Assurance Requirements, however, seem to im-
ply a purpose to eliminate alternatives to mined geologic repositories.
Any conclusions tending generically to eliminate alternatives, whether
explicitly stated or implied, should be guarded against. Such conclu-
sions are unsupported by up-to-date quantitative analysis and, in any
avent, they seem premature and unnecessary. DOE is supporting research
and development on alternatives to deep mined geologic repositories,
aven though there is no immediate prospect that their use will be re-
commended. EPA's proposed Assurance Requirements could have the unfor-
tunate effect of supporting elimination of such RZD, Instead of taking
a position on them now, EPA should keep in touch with DOE's RAD efforts
and determine at a later time whether standards applicable to alterna-
tive tachnologies should be adopted.
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Under this recommendation, Assurance Requirement (g) would no
longer be interpreted to foreclose alternative technologies, such as
rock melting or deep hole emplacement. Indeed, if EPA continues to
hold the position that wastes in any mined geologic repository could
be "removed," then this requirement could simply be deleted. The Suh-
group finds Assurance Requirement (g) unnecessary and not likely to
provide significant additional protection.

Recommendation 2

The EPA should consider eliminating proposed Assurance Requirement
(a}, which specifies "prompt" disposal of high-Tevel and TRl waste,

Background for Recommendation 2

The principal purpose of this proposed requirement for “prompt"
disposal is to foreclose the possiblity of indefinite storage as an al-
ternative to geologic disposal. There is a broad technical consensus
that perpetual near-surface storage of long-lived radioactive wastes is
inadvisable and potentially dangerous, The EPA, however, apparently
has not conducted studies to determine whether “"monitored retrievable
storage” is an environmentally unacceptable option for relatively Tong
periods of time (e. g., 100 years), or what would constitute prompt dis-
posal. Without analytical studies and more information this proposad
requirement is not adequately defined and supported.

Additionally, the Subgroup observes that the Nuclear Waste Policy
Act addresses this issue in two ways., First, the Act sets forth a
specific schedule for establishment of repasitories in the near future.
Second, the Act requires DOE to assess in detail the viability of the
tang-term storage option. The Congress, therefore, seems to have prea-
empted the Agency on this matter. The Subgroup, theraefore, finds As-
surance Requirement (a) unnecessary and unlikely to provide significant
additional protection at this time.

Recommendation 3

The EPA should consider requiring NDOE only to analyze and consider
as an unfavorable characteristic the potential near-and far-term radio-
Togical consequences of natural resources at or near a proposed site,
rather than mandating that the mere presence of natural resources auto-
matically precludes development of a site. Analysis may show that the
overall safety of the repository would not be jeopardized by the presence
of the resources.

We suggest EPA consider the following substitute tanguage for As-
surance Requirement (f):
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"Places where there has been mining for
resources, or where there is reasonable
expectation of exploration for scarce or
easily accessible resources in the future,
or where there is a significant concentra-
tion of any material which is not widely
available from other sources shall be deemed
unfavorable for location of disposal systems.
Such places shall be disqualified as sites
for disposal systems unless analysis can
demonstrate that faverable characteristics
more than compensate for the effacts of
these unfavorable conditions.”

Rackground for Recommendation 3

The presence of significant natural resources at or near a re-
pository site is a highly unfavorable characteristic because it would
increase the likelihood of inadvertent human intrusion into the vicinity
of a repository. Such intrusion could release radioactivity directly,
or it could circumvent enough barriers that natural processes would
later release radicactivity to the general environment. This possibi-
Tity should be fully assessed at each potential site. Additionally,
there should be consideration of the possible economic loss if the
resources were not recovered because of fear that the integrity of the
repository might be jeopardized.

Sites should not be dropped, however, simply because natural re-
souces are present, provided that other characteristics of the site
are favorable. It may be possible by suitable engineering techniques
to recover the resources without disturbing a nearby repository or to
mitigate the effects of potential human intrysion. The site and engi-
neered barriers should be seen as a system, and a single weakness in a
system should not automatically foreclose use of it, if the remaining
characteristics are highly favorable and can compensate for the weak-
ness.

Abundant potable groundwater could be a particulariy attractive
resource in dry areas of the West. Two members of the Subgroup (Drs,
Krauskopf and Lash) therefore believe that “potabie groundwater” should
be identified explicitly as a resource to be considered in comparing
the advantages and disadvantage of potential respository sites.

The Subgroup finds that a strong assurance requirement on natural
resources adds significantly to confidence in the tong-term integrity
of waste disposal systems. A slightly modified Assurance Requirement
(f) should be retained.
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Recommandation 4

The EPA should consider Timiting reliance upon active institutional
controls to a period of no more than 100 years, and requiring monitoring
during this period after closure of a repository. For this purpose As-
surance Requirement (d) could be rephrased as follows:

"In the analysis of disposal systems, designers
may not take credit for active institutional
controls to isolate the wastes for more than
100 years; and during the period of active
controls disposal sites shall be monitored.”

Also, the definition of "active institutional controls" should be
changed so that guarding and maintaining the repository, as well as
controliing releases are all required rather than serving as alternative
actions. The definition might be rephrased as follows:

"'Active institutional controls' means: (1)
Guarding a disposal site, and {2) performing
maintenance operations and remedial actions
at a disposal site, and (3) controiling and
cleaning up releases from a disposal site."”

Background for Recommendation 4

No releases of radicactivity are expected in the first century
following closure of a repository. If that expectation is borne out,
there will probably be little societal interest in continuing active
controls. Regulations for periods Tonger than 100 years seem meaning-
less, because people at the end of that period probably will have
little concern with enforcing ancient rules. They should have the op-
tion of deciding for themselves whether further active control is
needed,

Two members of the Subgroup (Drs. Budnitz and Okrent) believe
that there is Tittle basis for selecting 100 years instead of 300 years
as the appropriate time period of control. They would therefore find
Teaving the period of control at "a few hundred years," as proposed by
EPA, acceptable. The Subgroup as a whole agrees that monitoring should
not he required beyond 100 years in any event,

During the initial 100-year period, or at least near its beginning,
much attention will be focused on uncertainties in predictions about
future performance of the disposal system. A monitoring or surveillance
system designed to test predictions of zero release of radioactivity
during the time of active institutional controls would help to reassure
the public, and in the unlikely event of appreciable adverse develop-
ments would permit remedial measures to be undertaken promptly.

A-4-6



We are not recommending specific monitoring systems, bhecause we
wish to allow great latitude in determining what measurements would be
useful, The Subgroup is concerned, though, that great care must be
taken in designing and implementing any monitoring system that could
inadvertently ¢ircumvent barriers to the release of radioactivity.
Penetrations into the repository area in particular should be cautiously
approached, if they are deemed appropriate at all.

The Subgroup believes that a relatively simple monitoring or
surveillance effort after c¢losure of a repository would be worth the
small economic cost of such a program. The added public confidence
gained from the monitoring program should help dimprove the public
acceptability of otherwise safe disposal system.

Recommendation 5

EPA should consider retaining proposed Assurance Requirement (e),
but in the document supporting the standard EPA should provide the im-
plementing agencies with more information about the nature of "the most
permanent markers and records practicable.,”

EPA also should consider modifying the definition of such controls
as follows:

"ipagsive institutional controls' means: (1)
Permanent markers placed at a disposal site,

(2} public records and archives, {3) Federal

Government awnership and control of land use

and (4) other methods of preserving knowledge
about the location, design and contents of a

disposal system." ‘

Background for Recommendation 5

Passive institutional controls conceivably could provide effective
warnings of the potential dangers posed by the wastes far into the
future. The Subgroup strongly agrees that such controls should be put
in place.

There should be reasonable limits, however, on the level of ex-
penditures for passive controls, and there should be a general assess-
ment of the value of different categories of controls. At one extreme
DOE might propose using substantial quantities of highly corrosion-
resistant and strong metal alloys, or very massive quantities of more
ordinary concrete and steel. Expenditures of large sums of money that
such construction projects would entail may not be justified, On the
other hand, relatively small markers of degradable materials seem in-
adequate. More analysis and guidance from EPA is desirable. The en-
vironmental impact statement and the regulatory impact analysis would
be appropriate documents for this analysis.
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Recommandation 6

The EPA should consider relaxing the requirement far engineerad
barriers in a disposal system for TRU waste that does not contain sub-
stantial quantities of radionuclides that will decay to insignificant
tevels within several hundred years.

Background for Recommendation 6

Some (e.g., contact-handled) TRU wastes do not generate significant
heat and may not contain significant amounts of relatively short-1ivad
radionuclides, The potential hazard posed by such wastes does not de-
crease over the first 1,000 years or Tonger following disposal, The
public safety for a disposal system containing such wastes is provided
by the geologic barriers alone, because tong-term (i.e. greater than
1,000 years) reliance cannot he placed on engineered barriers as pre-
sently conceived in the U.S. disposal system. In other words, the
engineered barriers probably would not significantly improve the public
safety of a disposal system contatning only contact-handied TRU wastes,

The situation is less clear in the case of at least some remote-
handled TRU wastes. EPA may want to assess whether engineered barriers
are always necessary to ensure protection from the short-lived radionu-
clides that may be present in this kind of TRU waste,

Recommendation 7

The EPA should consider requiring DOE in its selection of disposal
sites to consider possible releases of radioactivity beyond the initia)
10,000 year period., The Subgroup, however, could not agree on specific
wording for this new Assurance Requirement. Two alternatives (the
first favored by Drs. Krauskopf and Lash and the second by Drs. Budnitz
and Okrent) are offered below for EPA's consideration:

(1) “"Selection of sites for disposal systems
shall take into account potential releases of
radioactivity beyond 10,000 years. Particular
attention should be focused on potential releases
of long-Tived alpha-emitting radionuclides and
their decay products.”

{2) "Selection of sites for disposal systems
shall take into consideration potential
releases of radicactivity into the accessible
environment for times somewhat Tonger than
10,000 years, say 50,000 years. The purpose
of this analysis is to provide assurance
within the Targe uncertainty band inherent in
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such analyses, that disposal systems do not
display large degradation in performance from
that required in the first 10,000 years. Such
an evaluation would not be part of a '
quantitative requirement but should be in the
overall selection among sites.”

Background for Recommendation 7

In the Subgroup's view, aheé purpose of the Assurance Requirements
ought to be to provide confidence that the environment is protected
beyond 10,000 years. But, in the current draft of the proposed rule,
this purpose is not stated in the form of a requirement. The Subgroup
suggests that the objective should be explicit.

The Subgroup considered whether quantitative release 1imits should
apply beyond the initial 10,000 year period. There was clear agreement
that current analytic methods are too inaccurate to make reliable
quantitative predictions of levels of radionuclide releases and their
affects on human health for much more than 10,000 years. The Subgroup,
therefore, does not recommend that EPA consider modifying the proposed
Assurance Requirement to require DOE to show that release beyond 10,000
years meets a numerical standard similar to the Containment Require-
mants. Rather, the purpose of the proposed analysis iz to assure that
repository sites are selected so that disposal systems at worst slowly
release radioactivity without large decreases in system performance
beyond 10,000 years following closure of a repository. Two members of
the Subgroup (Drs. Krauskopf and Okrent) believe that the 10,000 year
requirement in the proposed EPA standard is already far longer than is
required in the regulation of any other hazardous waste and that it is
a sufficiently 1long period from a pubtic health or socio-political
point of view., We, therefore, favor no additional formal requirements
in the standard beyond the 10,000 year period, recognizing that consi-
derable protection for longer periods would nevertheless be provided
automatically by the proposed standards.

Recommendation 8

EPA should consider modifying proposed Assurance Requirement (c)
and the background text so that there is greater emphasis on the whole
disposal system in comparison to individual barriers. For this purpose
Assurance Requirement (c) could be rephrased as follows:

"Disposal systems for high-level wastes shall

use several different types of barriers to

isolate the wastes from the accessible environment.
Both engineered and natural barriers shall be
included. The barriers shall be designed s0

that they compiement each other and help to
compensate for unexpacted failures.,"
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Additionally, the Supplementary Information preceding the proposed
standard should be modified to exclude descriptions of the purpose of
this Assurance Requirement as "taking full advantage af the protection
each [of the barriers] has to offer." Rather, the objective of multiple
barriers should be discussed as providing compensation for unpredicted
failures.

Background for Recommendation 8

The Subgroup believes that the multi-barrier approach helps com-
pensate for predictive uncertainties and adds significant certainty
that radionuclides in the waste would never seriously threaten public
health. The emphasis, however should not be on the ability of every
barrier to provide maximum protection by itself alone. Indeed, emphasis
on maximizing the effectiveness of individual barriers might result in
suboptimization of the overall system.

The Subgroup believes that an Assurance Requirement for multiple
harriers is essential. The Supplementary Information preceding the
final standard should make clear, however, that each barrier does not,
indeed in some cases should not be individually optimized,

Recommendation 9

The Subgroup could not agree on a single recommendation concerning
Assurance Requirement (b), which calls for releases to be “as small as
reasgnably achievable.” Three members (Prs. Rudnitz, Krauskopf and
Okrent) believe that the proposed standard is already so low that
trying to reduce possible releases even further is certainly unnbcessary
and in any event probably unworkable., The other member (Dr, Lash) does
not concur and he would rather retain the requirement as proposed by
EBA,

Background for Recommendatjon 9

There should be no man-caused radiation exposures unless there is
a compensating benefit. This principle is widely endorsed, and it is
meaningfully implemented in situations other tham high-Tevel waste
disposal, The Subgroup uniformly supports this objective of radiation
protection in these other situations, Its use in the case of high-level
and TRU radioactive waste disposal, however, is significantly different
from traditional applications. First, the predicted level of residual
risk (a maximum of 1,000 cancer deaths in 10,000 years) for a high-level
or TRU disposal system is already small. Second, Assurance and Proce-
dural Requirements (e.q., the requirement for multiple barriers) should
reduce this residual risk even further, Thus, there is concern by some
members of the Subgroup that an “"as Tow as reasonably achievable" (ALARA}
type requirement would result in excessively restrictive regulation.
In part, this concern ahout overly restrictive requirements stems from
uncertainty about how an "ALARA" type principle would be applied to
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waste disposal systems. Would it pertain to site selection? Would it
be invoked for every design parameter and consideration or only for
major engineering components of disposal systems?

One member (Dr. Lash) believes that an ALARA principle should be
applied particularly during the site selection process. The Nuclear
Waste Policy Act requires DOE to consider more sites than it will
characterize in detail, and to characterize more sites that will be
needed for disposal initially. In their winnowing process, DOE  should
be required to consider possible Tong-term radiological effects.

Given the very high degree of safety provided by the proposed stan-
dard, the Subgroup uranimously agrees that any “ALARA" type principle
should not be used to increase safety levels for every single aspect of
waste disposal system to the maximum extent technologically achievable.
The range of opinions within the Subgroup about how, if at all, to apply
an "ALARA" like principle is broad, howevar. If the Subgroup is divided
over how to apply this important principle, others probably are as well.
we ail feel, therefore, that EPA, if it wishes to retain Assurance
Requirement (b), should provide more information and clarity about the
scope and method for applying an "ALARA" type principle to high-level
and TRU waste disposal systems. The purpose of this further analysis
would be to show that the proposed requirement would be workable. This
information could be included in revised versions of the environmental
impact statement and the regulatory jmpact analysis.
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SUMMARY OF RECOMMENDATIONS
ON EACH ASSURANCE REQUIREMENT PROPOSED BY EPA

EPA'S PROPOSED ASSURANCE
REQUIREMENT

{a} Waste shall be disposed
of promptly once disposal
systems are availabie and the
wastes have been suitably
conditioned for disposal

(b} Disposal systems shall be
selected and designed to keep
releases to the accessible
environment as small as reason-
ably achievable, taking into
account technical, social and
aconomi¢c considerations.

(c) Disposal systems shall
use several different types of
barriers to isolate the wastes
from the accessible environ-
ment. Both engineered and
natural barriers shall be
included. Each such barrier
shall separately be designed
to provide substantial
isglation.

(d) Disposal systems shall
not rely upon active institu-
tiornal controls to isolate the
wastes beyond a reasonable
period of time (e. g., a few
hundred years) after disposal
of the wastes,

(e} Disposal systems shall ba
identified hy the most
permanent markers and records
practicahle to indicate the
dangers of the waste and their
lacation.
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SUBGROUP'S SUGGESTED
CHANGE

Nelete.

Three members (Drs. Budnitz,
Krauskopf and Okrent) would
prefer to delete this require-
ment, but the other member
(Dr. Lash) would prefer to
retain it.

Reword as follows:

"Disposal systems for high-leval
waste shall use several different
types of harriers to isolate the
the wastes from the accessible
environment. Both engineerad
and natural barriers shall be
included. The barriers shall

be designed so that they com-
plement each other and help

to compensate for unexpected
failures."

Restrict reliance on active
institutional controls %o a
period of no more than 100
years and require a monitoring
program for that period, but
no longer,

This requirement should be
retained, but EPA should
provide further gquidance for
implementation.



SUMMARY (cont.)

EPA PROPOSED ASSURANCE
REQUIREMENT

(f) Disposal systems shall not
be located where there has been
mining for resources or where
there is a reasonable expecta-
tion of exploration for scarce
or easily accessible resources
in the future, Furthemore
disposal systems shall not be
1ocated where there is a sig-
nificant concentration of any
material which is not widely
available from other sources.

{g) Disposal systems shall be
calected so that removal of
most of the waste is not pre-
tluded for a reasonable period
of time after disposal.

None.
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SUBGROUP'S SUGGESTED
CHANGE

Reword as follows:

"Hlaces where there has been
mining for resources, or where
there is reasonable expectation
of exploration for scarce or
easily accessible resources in
the future, or where there is

a signficant concentration of
any material which is not widely
available from other sources
chall be deemed unfavorable for
location of disposal systems.
Such places shall be disquali-
fied as sites for disposal
systems unless analysis can
demonstrate that favorable
characteristics more than
compensate for the effects of
these unfavorable conditions.”

Delete.

There should be a requirement
that NOE in its site selection
process consider potential
releases beyond 10,000 years,
although the Subgroup could
not agree on the detailed
wording for this new Assurance
Requirement.






APPENDIX A-B

REPORT

of the

GEOCHEMISTRY SUBGROUP

January 17, 1984

Dr.
Mr.
Or.
Dr.

A-5-1

Bruno Gitetti, Chairman
Floyd Culler

Stanley Davis

Konrad Krauskopf



GENERAL STATEMENTS

1. Although the EPA models of generic repositories include the
concept of multiple barriers for containment of HLW, the principal re-
liance for isojation of HLW from the biosphere is placed on the slow-
ness of transport through the host geologic medium. To ensure that
transport is slow enough so that EPA standards of radionuclide release
are met, accurate values of several parameters are needed. The generic
repository models that EPA uses, however, involve wide ranges in values
for some of the critical parameters such as permeability, solubility,
and retardation factors. The large ranges are due partly to uncertain-
ty in experimental data and partly to EPA's affort to encompass all
possible Tithologies and settings in its generic models.

With site-specific models, the range of possible parameter values
for any given lithology and site could be sharply reduced. At a spe-
cific site some of the EPA assumptions for the generic model may not
hold, and values of some parameters may lie outside the range suggested
for the model. For example, soluhilities of some elements (notabiy Te,
Np, U, Pu) are strongly dependent on pH and Eh, and at a particular
site might fall outside the range of conservative assumptions built in-
to the EPA model. Also, retardation factors vary markedly with ionic
strength. For cesfum, as an example, the retardation factor in brine
is at least 100 times less than in groundwater of low ifonic strength;
thus the EPA-chosen value of 1 is reasonably conservative for brines
but ultraconservative for other groundwaters. Site specific models
would accommodate such differences,

2. Generic repositories in the EPA models all assume that an aq-
uifer exists above, and sometimes also below, the repository, and that
such aquifers are saturated with water. In some settings, however, no
aquifer exists, or the sedimentary rocks above the repository have low
permeability even though they may be saturated. Since isolation and
containment are the goals, absence of an aquifer is desirable. Fur-
thermore, at some repository sites the water table is very far below
the earth's surface, so that a repository could be placed well above
the water table. Such localities have the advantage that Tittle or no
water would flow through or near the repository as Tong as the present
hydrologic regime persists. As the principal mode of transport of nu-
clides from a repository is by dissolution and transport in water, the
advantage of these relatively dry sites is obvious. Thus the generic
models used in the calculations of repository performance may be ex-
cluding a kind of repository setting that is superior to those examined.

3. For a period of several centuries after a repgﬁitory is
charged, the principal sources of radiation will be 20Sr and 137¢s.
The modeling assumes that these nuclides will be completely contained
for 500 or 1000 years, It should be stressed, however, that any short-
circuit of groundwater transport to the biosphere in this early period
could cause hazardous releases of strontium and cesium, Siting and
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design of a repository should take into account the enormous amount of
radioactive material entering the environment that would result if such
unanticipated releases occur.

4, A1l the models used to predict repository performance are
based on solubility and retardation-factor data. The models assume the
absence of complexing or chelating agents, atthough such agents, if pre-
sent, could enhance the transport of radionuclides and cause the release
of significantly larger amounts of radioactivity than are predicted by
the models. The presence of possible complexing agents will be deter-
mined largely by the nature of rocks and groundwaters at the repository
site, The chelating agents will probabhly derive from organic materials
introduced during construction, charging, and sealing of the repository.
Clearly, the site must be selected and the repository constructed so as
to minimize the amounts of such agents.

5, Predictions that geologists and geochemists are asked to make
about the future become less reliable as the time period is extended.
The reliability of predictions depends somewhat on the kind of waste to
be placed in a repository. For reprocessed waste from which uranium
and other actinide elements have been largely extracted, the necessary
predictions are important chiefly for the first 1000 years, and can be
made with considerable confidence. Untreated spent fuel, on the other
hand, remains hazardous for tens or hundreds of thousands of years, and
predictions for such times are much less dependable.

6. As part of its justification for using 10,000 years as a
Timit for considering radioactive releases from a repository, EPA notes
that by this time the radiocactivity of the HLW would have diminished to
an amount comparable to that of an unmined uranium ore body. Theoret-
ically the compariscn has a good scientific basis, but practically it
is questionable because ore depdsits are so extremely variable in size,
shape, and grade, and their 1imits and history are so hard to specify.
The difficulties are illustrated by EPA's document 520/3-80-009, in
which calculated releases from a model ore body are orders of magnitude
lower than releases “measured” at actual ore bodies. The comparison is
useful in a rough qualitative sense, byt a better standard for judging
the risk from radioactive releases at the end of 10,000 years would be
comparison with the radioactivity of natural waters or the ambient ra-
diation in the general environment. '

Recommendation 1

EPA should consider two sets of geochemical parameters for predict-
ing the performance of a repository, one set for high fonic strength
environments such as salt, and one for the much lower fonic strength
waters that may be expected in other 1ithologies,
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Background for Recommendation 1

The retardation process for ions dissolved in a migrating ground-
water involves the adsorption of the ions onto mineral surfaces. If
the ion must compete for an adsorption site with large numbers of Na
or other ions, it will have a Tower probability of being adsorbed. Its
rgtardat1on factor will then be Tower. This would be the case for

ts or Msr in a brine solution. EPA has chosen retardation factors
of 1 for both Cs and Sr. We suggest that 1000 and 200, respectively,
would be better numbers, and still be conservative for most 1itholo-
gies. We would take a value of ten, however, for brines. The EPA value
of 1 is acceptably conservative for brines, but is overly conservative
for most other lithologies.

Regommandation 2

An addition fto section 191,13, Containment Requirements, is recom-
mended, The following would be added to the end of this section:

The choice of sites for these disposal systems shall take into
cansideration the effects of foreseeable events on releases of radio-
active materials beyond the 10,000 year period.

Background for Recommendation 2

The hazard from releases of radioactive material does not decrease
sharply at 10,000 years, but will probably continue for periods up to a
few mitlion years. A different set of radionuclides becomes important
after 10,000 years, particularly those supported by decay of uranium
(and other actinides) carried é' groundw tpr. Especially prominent a-
mong among these nuclides are 72%Ra and 210Ph, Transport of these ele-
ments and their uranium parent is governed by different media charac-
teristics and different solubility and retardation factors from those
important during the first ten millennia. For example, slightly oxi-
dizing cog%1t1ons wn d favor transport of uranjum, hence the growth of
abundant 225Ra and ¢ Pb at a distance from the repository, so that the
solubility and retardation of these two nuclides become critical to
predictions of radioactive releases to the biosphere. Selection of a
geologic site and medium for a repository, although still based primar-
ily on predictions for the first 10,000 years, should be influenced
also by consideration of the probable behavior of uranium and its

progeny.

A second reason for concern beyond 10,000 years is the increasing
possibility of geologic disturbance to a repository as time grows long-
ar. One sort of geologic event that might affect the repository is re-
newed glaciation, unlikely during the the first 10,000 years, but very
probahle shortly thereafter. Overlying ice would probahly not directly
damage a repository, but the advance and retreat of ice sheets could
cause drastic changes in the hydrologic regqime nearby. Even at a con-
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siderable distance from the actual glacier, the integrity of a repesi-
tory could be influenced by the changes in climate, especially preci-
pitation, that would accompany glaciation. Among the geologic factors
to be used in siting a repository, consideration should be given to the
possibility of glaciation and climate change after 10,000 years.

Recommendation 3

EPA should reassess the values it chose regarding solubility and
retardation factors for Am, S5n, 5r, Cs, Tc, and Np.

Background for Recommendation 3

The solubility of Am increases Tinearly and markedly with decreas-
ing pH. This would imply very high solubilities at pH's less than 6,
On the other hand, there is an, as yet. unidentified Am compound that
appears to lower the solubility very strongly in some environments at
Tow pH's. Until this compound can be identified and its role assessed
in a repository, there is considerahle uncertainty in the rate of mi-
gration of Am. Owing to this large uncertainty, the EPA estimates for
Am may not be conservative.

It is possible that the solubility of Sn is on the order of 0.001
ppm, rather than 1 ppm,

Both Te and Np solubilities are taken as 0.001 ppm. If the repos-
itory conditions, or the aquifer conditions, are not distinctly reduc-
ing (Eh less than 0.0 volt), however, solubilities rise markedly. Fur-
ther, the Tc forms an anion, so that the retardation factor will stili
be very Tow as listed by EPA. The results could be a serious underes-
timate for the Tc release.

For nuclides in non-brine settings, retardation factors used by
EPA for Cs, Sr, and Sn may be unrealistically conservative (too small)
by one or two orders of magnitude.

Recommendation 4

EPA should acquire good values for solubilities and retardation
factors for all the nuclides specifically listed in Table 2 of 40CFR19,
The data should be far a range of potential natural conditions, includ-
ing pH, Eh, temperatures, and different Tithologies, where these ranges
extend sufficiently beyond the idealized conditions used in the generic
models.

Background for Recommendation 4
The EPA effort to establish release requirements that are both

safe and attainable requires that it have sufficiently good data to
make realistic repository performance estimates. Given the strong de-
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pendence on the genlogical and geochemical barriers, it becnmes criti-
cal that the transport estimates for the various repository litholagies
and aquifers be assessed accurately anough.

The behavior of the nuclides in Table 2 under a variety of pH
and Eh conditions is of considerable importance. We point out the
strong dependence of solubility on pH or Eh for a number of elements
in Recommendation 3. We also note the dependence of retardation factors
on the ionic strength of the solution. Modest departures from pH 6-8
or from slightly reducing conditions (EPA generic model assumptions)
can make significant differences in solubilities and, therefora, poten-
tial releases, Recent observations, that dissolved oxygen has bheen
found in groundwater 300 meters below the saturation zone, peint up
the need for data when conditions are not slightly reducing.

The data on retardation factors, with some notable exceptions, are
hased on the interaction of solutions with very few types of solid
media, and these are often poorly characterized or inappropriate 1ith-
ologies, DNata from properly designed experiments are few, which Teads
to uncertainties in how realistic are the repository performance pre-
dictions of the generic model, and what degree of conservatism should
be introduced in setting standards,
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Recommendation 1

To the extent possible and with the data available, EPA should
perform an economic analysis (benefit/cost analyses; differential
costs and benefits for different levels of protection: and costs for
alternate means of disposal). In making this apalysis, EPA should use
the most current cost models and data now available.

Background for Recommendation 1

Given the data available at the time it was made {early 1982), the
analysis is reasonably comprehensive and adequate. It should, however,
he made clear in the report that it is valid as of early 1982, since
many new data are now available, e.g., ON1-3, PNL-4513, PNL-3949 and
the Defense Waste Management Plan.

For a generic, deterministic study the aggregated, simple model
used by EPA is adequate for a cost analyses. However, the cost for ac-
tual repositories at specific-sites could diverge suybstantially from
these generic costs.,

The final costs will not be known until the repository is actually
excavated because of the geologic variability certain to be encountered
underground. In addition, until the final choice of waste form, pack -
age, overpack and backfill is made, the costs will not be defined.

With respect to the EPA cost analysis:

i)  We consider it misleading to include costs for storage of
spent fuel prior to reprocessing and for transporting the spent
fuel to the reprocessing site as a part of the costs for waste
management. These costs are associated more directly with energy
production than with waste management.

i1) Insufficient distinction is made between management coOsSts
that are fixed independent of the volume of waste and those that
vary with the throughput and Tevel of protection.

iii) Other disposal strategies, such as extended (i.e., 50 to 100
years) temporary storage of spent fuel or use of extended (over
1,000 years) engineering controls, could result in important
changes in costs and benefits, hut information available on such
strategies is Tacking. EPA cost analyses did not consider these
questions.

Recommendation 2

Though the uncertainties in the cost estimates are great, the ab-
solute amounts involved are so high that even small percentage savings
represent substantial amounts of money. We recommend that EPA careful-
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ly examine the possibilities for cost savings in the waste management
program.

Background for Recommendation 2

The absolute magnitude of costs involved in the high-Tevel radio-
active waste management program are high--many billions of dollars for
each repository~-and an inevitable consequence of the selection of the
deep mined geological option with multiple barriers and associated site
selection constraints. The uncertainties in the estimates of waste
management costs are also high, typically hundreds of millions of dol-
lars, due mainly to the absence of any comparable prior experience with
such a program,

It is important to examine carefully how the proposed EPA stan-
dards, and possible modifications, might reduce these large costs even
if only by seemingly small percentages, since the absolute number of
dollars saved is Tikely to he large.

Recommendation 3

To disclose the significance of sequencing and delays on site se-
Tection and engineering designs of repositories, calculations should
consider discounted as well as non-discounted costs for the operational
pariod.

Background for Recommendation 3

Fajlure to discount costs neglects the major factor of time in the
sequence of operations leading to repository emplacement. Discountad
cost procedures recognize that expenditures incurred early in reposi-
tory development are of greater significance than the same amounts ex-
pended later. The relative importance of the various cost components
in waste isolation could be changed drastically by the use of discount-
ed dollars. For example, storage prior to emplacement in the reposi-
tory is the targest single cost in the analysis. It is also an early
cost. Hence, a rock type that permits early emplacement would reduce
storage costs and, on a discounted basis, could dramatically modify the
relative cost of storage compared to other components. Costs for re-
search and development (R&D)} needed, in part, to demonstrate compliance
are also substantial and also come early in the disposal cycle. Again
on a discounted basis, R&D costs could become a major factor.

Raecommendation 4

We recommend that no type of site should be precluded on the basis
of site characteristics alone. Consideration of all factors including
engineered barriers, transportation, availability of utilities and la-
bor, etc. may lead to a different choice of sites and isolation tech-
nologies than those dictated by site characteristics alone.
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Background for Recommendation 4

The constraints on exploration for geological repository sites and
the associated long-term containment performance requirements have no
counterparts in geological engineering experience. The distance of a
repository from radicactive waste production and storage sites is also
an important consideration. Consideration of all such factors, includ-
ing engineering barriers, may lead to preference for sites, all satis-
factory, which might possibly be ranked below others when considering
geological criteria alone.

Finding 1

Although the actual radionuclide releasas from a geologic repos-
itory are likely to be less than the proposed EPA release limits, dem-
anstration of compliance with such low release 1imits will be difficult
and for some repository location could result in delays and increased
costs associated with such demonstration.

Increasing the proposed Timits should not reduce the actual level
of praotection provided to the public, but could facilitate demonstra-
tion of compiiance (see also Recommendation 1, Section IV),

Background for Finding 1

The Tevel of protection of public health to be achieved in the dis-
posal of high-level radicactive waste, following the technologies and
site types now under active consideration and incorporating the stan-
dards and good engineering practices envisaged under EPA, NRC, and DOE
requirements, will undoubtedly he high, Assuming that the technologies
and media to be used in actual future repositories are chosen from those
now under active consideration, the Subgroup bhelieves that, in most
cases, the technologies and sites can probably meet the EPA's proposed
standard with some margin.

In the range of release limits being considered, the technologies
to be used and the major portion of the associated costs are largely
independent of the prescribed release limits, However, at the release
1imits currently envisaged by EPA, the intrinsic variability of geolog-
ical parameters makes it difficult to demeonstrate compliance with rea-
sonable confidence, and will inevitably Tead to delays in the compli-
ance demonstration process. Since such demenstration s required at
an early stage in the repository development process, these costs as-
sume added importance, especially on a discounted cost basis,

However any drastic increase in the stringency of the currently
proposed regulatory requirements could increase costs dramatically
{more expensive waste forms and containers), but with essentially no
real increase in the level of safety achieved. Recent estimates in the
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Swedish KBS plan show that placing heavy reliance on engineered bar-
riers will cost approximately three times as much per MTHM as the cur-
rent U. S5, plan. In fact, such stringencies might lead to disposal
situations that would appreciably increase the levels of occupational
risks and cost (e.g., in increased handling, transporation, underground
emplacement, and administration) without associated public health bene-
fit.

Finding 2

While there are a nymber of generic cost studies available, there
does not appear to have been a definitive study of the RED costs asso-
ciated with meeting the performance criteria, or how these would differ
for the various rock types, or for different performance criteria.

However, our confidence in the $11-40/Kg-HM estimates used by EPA
is increased by the independent analyses of ONI (Office of National
Waste Terminal Storage Integration, NOE) which estimated RED costs for
two repositories to total $5x109. Since, as noted earlier, the costs,
R&D included, have components that are fixed and others that vary with
throughput, the unit costs in the Regulatory Impact Analysis are not
constant values. If it is assumed as an approximation that they are
constant, the R3D costs for two repositories would range between
$1.4-5.6x109,
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Recommendation 1

when discussing the Tong-term biological effects produced by the
internal or external irradiation of human organs by radionuclides that
ascape from the repository, EPA should avoid using a term like "health
effects” but should refer to the specific category of effects being
considered, cancer and/or genetic effects.

Background for Recommendation 1

In the draft EIS and other documents prepared in support of the
praposed standard, the term "health effects" is often used when the
authors were actually referring to cancer mortality. It is recognized
that the analyses have indicated that cancerrelated effects may predom=
inate over genetic-related effects, but this should be emphasized by
more precise terminology. In this way, it will be clear what has or
has not been included in the final calculations.

Recommendation 2

EPA should continue using the linear, non-threshold dose response
model to estimate the possible health effects associated with radioac-
tivity that escapes from the repository.

Background for Recommendation 2

The Tinear, non-threshold dose response model has been used by a
number of scientific bodies that have reviewed the available data on
the relationship between dose and the occurrence of long-term somatic
and genetic effects. Reports based on the linear, non-threshold dose
response model include the BEIR 1972 report, UNSCEAR 1977 report, and
part of the BEIR 1980 report and the radiation protection systems rec-
ommended by the NCRP and ICRP for occupational situations. In the
case of the majority BEIR 1980 report, a linear non-threshold model
was used for high LET radiation; for lTow LET radjation, a linear model
was selected for upper bound estimates of risk, and a 1inear-quadratic
model for best estimate determinations. The true risk was postulated
to range from the values of estimates from the dose-response model to,
perhaps, zero. The BEIR 1980 report indicated also that no Judgment
was being made on the shape of the dose-response curve below 100 mrem,
as supporting data were not available.

What are the consequences of choosing a linear, non-threshold dose
response model for assessing the long-term somatic and genetic effects
of radioactivity that escapes from a repository? 0On the positive side,
this particular dose response function facilitates the calculation of
poputation effects. Since the risk of long-term somatic or genetic ef-
fects per unit dose is currently thought to he constant regardless of
the level of dose received, the risk to an irradiated population can be
determined from the average population dose without knowledga of the
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distribution of dose within the population. Since all increments of
dose received are accorded the same risk per rem, the use of a linear,
non-threshold dose response model is generally considered to be a con-
servative practice that will not underestimate the possible conse-
quences., In the present case, which involves the multiplication of
microdoses by megapeople, it is very possible that such a calculation
will actually overestimate the resulting effects by a large amount.
There seems to be no realistic alternative at the present time to the
linear model.

These calculations require the extrapolation of a dose response
relationship many orders of magnitude from the dose region in which
actual effects were noted to the very low doses projected in the cur-
rent waste disposal analyses. When dose response functions of differ-
ent shapes are used for this purpose, greatly differing risk values
are obtained. There are no effects data available for these very low
doses, and it is unlikely that epidemiolegical data will ever be avail-
able to assess the appropriateness of different dose response models in
the very low dose region. Thus, the use of any dose response model for
the present purpose involves a high degree of speculation, and the val-
yes obtained have very 1ittle merit as absolute indicators of the num-
ber of biological effects that may occur. They do serve a useful pur-
pose, however, by providing a relative yardstick by which different re-
pository designs and sites can be compared and evaluated.

Recommendation 3

EPA should adopt a set of health risk factors that are clearly
traceable to some recognized set of health risk factors, and they
should clearly document the reason for any exceptions.

Background for Recommendation 3

The current Environmental Impact Statement (EIS) and other docu-
ments supporting the proposed standard contain & health risk factor for
different body organs expressed as the risk of cancer (or genetic ef-
fects for gonad irradiation) per rem of absorbed dose equivalent. This
1ist is an accurate reflection of the current knowledge as to which tis-
sues are more important in this regard. However, the numerical values
are not directly traceable to any particular set of risk factors as pre-
sented by advisory hodies such as the BEIR 1972, BEIR 1980, or ILRP
1979 reports, It 1is recognized that as new data become available,
there may be changes in the values given in a 1ist such as this. How-
ever, for the present purposes, it seems that the credibility of the
calculation would be enhanced hy using a set of risk estimates derived
hy one or several of these raecognized advisory bodies.

Recommendation 4

When considering the genetic effects in future generations, the
affacts to all generations should be computed, not just those to the
first generation.
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Background for Recommendation 4

Inasmuch as the somatic effects are calculated generation-by-gen-
eration, symvetry requires the same for the genetic. However, the ge-
netic differ from the somatic in that they are cumulative. Otherwice
stated, since the cancers are eliminated by the death of the affected
persons, they will not accumlate, but since a mutation will produce an
allele which may be transmitted from generation to generation, genetic
effects will cumulate, up to some “equilibrium" figure. The rate of
accumulation and the final equilibrium value depend on the average
handicap imposed by the mutant gene. Even though per generation the
genetic effects are less than the somatic, by the end of 10,000 years
the genetic level per generation could be as great as the somatic.
The refationship between mutation (m), selective disadvantage (s), and
frequency (f) is given by the very simple relationship

f =m/s

If the mutations induced by radiation confer an average selective dis-
advantage of 0.5, then at equilibrium (largely achieved in 10 genera-
tions), the traits will be twice the mutation rate in freguency. If,
however, medical care alleviates the average impact of thesge mutations,
to where the average selective disadvantage is only 0.1, ar aven 0,071,
then the equilibrium frequencies become 10 ar 100 times the mutation
rate, respectively,

Recommendation 5

When stating the health risk numhers, a best value with possible
uncertainty of a range of possible values should be given instead of
single values, as is done now.

Background for Recommendation 5

There are two main areas of uncertainty in these risk estimates.
The first relates to uncertainty in the relationship hetween dose and
response in the region for which data exist (relatively high doses ob-
tained at relatively high dose rates). The second relates to the dose
response projection model used to extrapolate to very low doses result-
ing from very low dose rates. The uncertainty associated with the
former can and should be addressed in the table of listed risk factors.
The latter case may involve a very large range of errors associated
with an extrapolation into a region where it is not known whether the
chosen dose response function is applicable, Trying to assess uncer-
tainty in this region would be very subjective and unproductive for the
purpose of these calculations. However, the report should indicate
that an extrapolation twa orders of magnitude beyond well-studied dose
effects is involved, and, in the case of genetic effects, from a mouse
model which may not be appropriate in all respacts.
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Recommendation 6

The EPA should emphasize more strongly than at present that the
health affects being calculated result from radiation exposure which,
as the situation is now understood, would have resulted at least in
part from the unmined ore itself, 1.e., natural weathering of ore and
transport of uranfum and daughter products via erosjon, groundwater,
syrface water, wind, etc,. In this case, these phenomena result in
substitutional rather than additive health effects.

Background for Recommendation 6

EPA has made this statement in EPA 520/3-80-000 and in the Federal
Register 47:858203 (29 December 1982): we are concerned that this in-
ference not be lost sight of or buried in the final document.
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the standards, we prejeced e
performance of discasal syxrams whisn
bave ot yet Been demonsmated. Thers
are gignificant unesmanges inherent in
such projections. To aveid -
undereatimadag the oais assacammd
with such Iystema, we ofien maga
Peamimizdc assumiptons about 2gw wail

.4 repoaitory wonld perfors Fop

axample. we asromead that kuman
ntrusion into ¥ repositery wonid tzka
place a3 of eo site marksss or recorgs
disesaraged it baginrizg 100 years ager
dispozal. Cur estimates oy, tharafers,
¢ consudered upger hognda gf tha Daka,
When aczal control methods are
seiected and demonsated gt apecsty
sites. expected reieasay are likeiy 1 ke
well below e amoun:s silowed oy de
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Aroposed stancigrea, Accarzingly, the
Frepoaed stagdards \n30ust tha
im;uemenung JdEnCes (0 takp tevs i
'ROUCE rRifagny Oaigw thesa ypper
bougds to rhg eXisnit remaonaniy
Acuavapis 1gjeia nio aesgung
‘#chnical somal, ang ganomie
Comsideratiqns.

Qur environmenta sdndards apply tg
S0t managemenr 3nq dspasal Suopar
A 40Dlies ! manageman: ang i2ciudes
iorage, preparstion af the wastas fop
disposai, and placing them in 4 dizponal
uie. Off-aite repsmormaor e aot
Covered. [n 35 Apri 23, 1zgs Measags i
Congreas President Raagsn
TBComsiended thar Hery teranorary
storage facillties gng lang-term
monilered remievakia itorage (MRE)
:actiines be conmictereq ‘n Zanage span:
fael and zigh-leved waste und g
Permanant recemtory 3 avayanie,
Subpart A wegid 20RiY 19 Dot opas of
slorage jyatams, Jubpart 2 apuiiss anes
Wa waatas are isolatag BROURD 30 thay it
wouid be =uch harder i 22t tRem qut of.
4 dizposal systam than It was tg out
hem L Wirh a geaiame revositary, or
2xamuie. Subpart B wouid faka aifest
when e zing wag bacikiiled and
seajed,

Wasts Managemany
(%0 CFF Pars 197 Subpmm .-ig

. Certain gperztans r=quired befors
disposing of high-lave] gr Tanduran;e
radigacave wastes are ot reguiated
U=der qur Uramum Fupi Cyreie
Slasdards (40 CFR Parr 1501, These
9peranens ornciveily nvolve fiorage of
the Materais, selidifeaton ar gihayp
Preodraden far dyposal. ang rlacng the
Waslay in disposa sites, Subpart 4
Ap0URA 10 spenr Sief Tanagemanr,
tegardiass of wihethar the Arej ig
cinstdered o be wasta or 14 deatined for
TERIOCRYaINg, axcant for Ranagereans
already reguiarad 9y 40 CFR Parr 120,

"Wa esnmareg hg largest axzeqied
rediaton exaomures 1y DeMbery of thy
fubiie foom wasis ZAnigersent ang
SI3rage aperations associatad with
#oiome ajaposal and found them 1p he
somewhar smailer than the rEquiramenty
810 40 (3R 190, We rnropess 1o gxzend
e izitadeng sontzined m Part 199 ig
the sperations addrassea 4y tus qaw
Part 191 far twe ansony

1. 3ome srategies for Sisposal could

. @veiva gperadons SuCY 2% caamicy]
32043007 of Tanuranig ginmenrs,
WILCE Ar® sunjiar 'g these of 1oent fum
BEIYC tasing, g Procazising gowsatons
WeT® 3 ngmificant cogaasrapgn o
setecnng tug lisit of 40 O33R ~30.
Settng the standards 1n Parr 141 at ta
levels ndiratag by aszesszenta based
Ny an 3ediops dispasa) acanties

<ould preciuds othep dispesai seatagies
wilel mignt S beeas uverajl,

% Soms af the overations. addresser
by Parr 13y Iy tiks oface mper
foerations requiated 9v Parr 150,
Establishing diffaran: dmitabions for

ifferent aperaticny at tha SEmE nle
wouid ceate diffe; ; iTiemeantation
proclems watk [itpta, i any, additionaj
Pubic hesitk prareemon The srovisions
of Part 191 feduire e combimeg ihpac:s
from mnidpia Oneradons (o memt 3
sngle ser of dove dmitations which wilj
be the same in hoth Parts 150 and 151,

Secton 15103 therefore requires thae
the combitied snnyal dose stuivaisnt 1
AnY member of the pubiic gua tg
Sperafany caversd by Darr 1, ang g
direct 2adistog ang Zlacned discharpes
of radioacrive Manais covered by (his
Subpart. skail Aot axceed =5 mullirems g
the wicia bady. 3 Tullirems ta tha

“Tiyroid, and 25 milirams o any sther

or3an. it aiso requuras that wasts
flanagemens operationy be conductad 1o
a9 to teduca exposyres or mempery of
the pubiic beiow this laved 1o the extapn;
feusonably ackiavanie, \aiking into
aczoun! tecapical, socal, ang sConemic
cansidarations, -

Uispasal
(40 CFR 191 Subparr 35 -

Eqvironmen:al reraction standards
for the disoosai o, high-lavei ang
frapsutznic radicacrive waates reguirs
far difermnt causiceradans (han thoag
for managemen:. Theae mcluda the
folawing:

L The iztamt of dispesai is 1o solate
the waates Swm e snvirarument far 3
lorger tma thar any 2enod sver wnich
202Ve Conwgia, such aa Zomtering ke
disposai sits tg datect raiemses af.
redicacdiviry, qan feasonabiy he reijag
upon fer srotecon.

% These disposaf systess wiil ha
designed sa thay very it if any,
radioacavity renymy 1o 1og oviIDnmant
if the systam Deriorma as mrancad,
Thus, the princicel cancem iy the
Posaibility of acadapra] reieasss, witkpp
dite (9 unintendeq eveani or dus g
failure of party of :pe dizpeas] system g
Periorm a3 expecies,

These consiceragany 23ve sevara)
amifications for daveloping
Mvironmental srotaction standards,
First the requiremenzs we earadiisa can
only be implementag Dy the NRC age
DGE in the design Phasewy satting
design principios op oy analytcally
projectng disposg) S¥IAm rerformanecs,
The mere famgiiar concapts af
implementadon invoiving monitoring of
emU3NioNg or 2mbiant laveis of
Polutanty ary 2ot agpiicabie bapause

3-4

such survesilznes cannot b rellad upon
for e long Gra feriods iInvoiveg,

Second, the standards Tust addrees
uinteruana! seigases S4Ld a3 thoge
f=sulling from hureian ntusion ar
ge0iome (aniting Their Frovisiona giua;
b apoficabie 19 4 vanery of dispaga
3Tategies bagauge the Agency dpes pet
have the 3uLhoritY 1o spariy details ar
disposai method Cesigns. Regulariony 1
be develaped By the NRC or BOE, as
azpropriate, will coprep; $Decifs
designa,

Third. tae standards Tuat
dCcImmodare largs UnCErigintisg. These
fnclude bary URCENAInted 1 our sygmen
kaowledge abou; disposa) tacirigues
and afierent uncertsinties 2bout the
distanr furure, Thus, Protechng the
enVIrCment involves 2REOUIITING uge
of dispasai systama thac irs tolerant of
potennal qusiakes in tnginesnng degign
or site selscring,

We addressed thess isdues by
developing numenza) cantamnmen:
FeQuiremeants for caposal systems
dccompanied by qualitanve
requirements 1o agsure ma; these
Conainment raquiremanty shouid be
Mmet. These two rarts of qur proposed
Acden are compiemantary: the
coniginment requirementy sat Limits g
potenual rejegses af radisacave
materialy from Hapasal 3ystems iop
10,000 yenrs afipe dispogal: the
d3surance requirements provige the
framewori 3ecEssary io daveiop
appropriste confidencs in Teeting the
CORtaingzant meguirerments s spre af thp
imhwrenr uncertam ey, o addjtan, 19
Handards comtaw arocsdurad
requirements to inaype :hat the
Sontanment requuremanry are sroperty
appiied,

Containment Requiramarnts
{Seczion :91.73)

To deveion 12a longwerm containment
EqUIrements, wa aysumed that W zan
precict some aspects of the fantre waif
ENOUZN 10 use tha Sredictoms far
¢ompariig and seimcung disposal
mettrds. Thys, we evaitated waya thag
Wasis meht be releasad from 5 cuned
g=viogic ~roository, daveloped
agalytical mode, 1o Frrdier cotentiag
rhieases ang therp dismibynen
throughout the ecasysiem sver 10,000
YRArY, and sxtdmater the paigibie maka
that couid reyuit 2om theae reigases
they cocured i an eRVUonment supilar
o today's, -

We coneentatad og gecioyic
PPosiiories because mucy more
infermation ia avalahie an Liis
Approach Han on owmer wispasal
@athody, and hecaysa e Jenarmrent
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af Taargy has decrded ta focos the
2adanal srocam on this method [+8 FR,
28877, Furthar=ore, wian wa avalnated
Bz iimitad inforration availabie on
other disposal methods, we gid pot
idenafy any orher mettods whick wars
cleariv berter taap geclomz disposal,
Cur disposal stansamis, Sowaver ars
Reant o appiy 9 aoy mettod of
disposal, excepr disposai dirmeely tg
the geran of ocaan sadiments, Thys, any
otter disgosal mathed wouid have toy
provide ar lesst 25 mued protacdon a8

. that zratected for gesiogic disposai,

There are sigmfcany wmgartzindes in
Ye analytical mocely are ysed [CELLETY
the longerm serformancs of geniogie
Tepoaitories, and there are sybstantia)
ancartzintes 3 de data we wsed in the
zadeis. The smmary abiecnya of she
feview ‘o oe conduciad by the Agency's
Screnca Advisery Joard will B tg judga
whatter our modeis and assumatdcns
are adeguate ‘or the Durposs ey
sarved i gur deveiopmenr of
CURLAICMEnY requiremants, The
toilewing sarzgraphs =ars mily
desebe zaw we foronlated rhass
Imquiremen iy,

In our 3ssessrognrs of gevlogia
dispcsal we idemriiad expacing amd
ac=dental reieased of radicaegvity fom
1 geaenic Dadel of 3 reoository, The
Bads! repository coniaims 100,000
MITM of spent reactor inel, aboat aa
mush a1 womid be gesergted durite the
operatng jifgtimes of 100 reariory of .
Furens desigh, TSe ioftlal ampmnrs of
same of e amscal mdfonzdides i
s moded remositery Wowd Hee afgint
billiont cures of comitm—r 37 nix billlon
Curiss of APUTHLI-S0 200 ilin sarissy
of amanmum-341: 70 Siilion quries of
slutomtum--338: aud cne milion corser of
techmatym—ag :

We sammed thr crpuiniiter of
WHATE T weaTe coete! farm,
redgository desion, o geoicgic media
to prevent or deigy the misgee of '
racdiamycidee, We selscied repsona biy
achievabie crarncomviaricy for sack
porton of whe disoosal syatam. Fas
accidenti reisases, we satimated tha
probabulities of svenrs leading 1
releases, [mtanrignaj clsmiption of the
disoatal sviem waa 20t cangicessd.

fadionualides were cnsicersd 1o be.
teleased o the disposal sysytem if
thay reschad ke "scceasibia
SNVIITRATL” which Mcindes meface
witar, land mirfaeea he at=osuaers,
ing tha gceans, Cur defniten sf the
“zanibis eavitemment™ aiyn imzadey
ull Fourndwater ‘ormatima thatarm
more iRan ten kinmetery in acy
direeZon Tom the cognal loratmeaf
the midicacave wastes in g disposal
¥yatets Altough this azproger does not
Fravide any irecs protacuian for the

relatively smai] amonny of groundwates
that conid within ten kilometars of a
geologic respositary, it FeCogTuTEs that
adjaczrt seclogic formarions sarve as
part of the cantainment syarerm for a
cepomiary. Since the amaun: of

undwarer laft unprorectag soonld he

80T 43 amail as posmbie, sonastant

with other requirsmants, wa gxzect that
the Fedaral savirenmental impaet
statastent for each disgosaj syaam wil
idantify ail sources of greendwartae
within tan kilometars of ‘he dizpoaal
syatem. wiil descsibe the potendaj long-
18It environmental affeets of mogsibie
contaminatien of these juurcas of
&ouddwater, and will cansider thase
eifacty 4 one tha fagroms in evaluating.
allermatve sites.

Qur reguiations and e adsasyments

.00 whith-we Tase them covas ralenges

of radionuclides (o the acoessibia
Rdvironment ior 4 pariod af 10.000 yeRry
after Sisposal, We Seiisve thas 3

isposal system capahie of Neeting
these requirements for 0,000 yexrs wall
CUTTIOUA D JTItact people and the
environmen: beyond 10.000 years. We
selected 10.900 vears aa tke aasedsmmant
period for two rexsone

LIt is long snough ior releases
through groisdwater (o reash tha
izoeazibie envircnrent if we iad
seiemed 3 shomer time. such a3 1.000
years. curadimates of longetarm maicr im
ihe acnessible environment wouid De-
decagtvely igw. hecause Foundwarsr
couwld takew 1,000 vears i mavel 3 fazle gt

" a weibaeiecad zite, angd soat

radiemuciidas wouid take mock ‘znges,

Chooaing 10,000 vears foy Ageasment

SECOUIRges seisclon of sites wiers the
?aﬂ:i:tmimi STUmertiey of the ok
Crmadons can signifisyntty roducs
raleases of radicactiviry trough

., ¥roundwarer,

+ Maier genicc Sapges. fmed ay
Geveigpment of 3 it system or 3
veicanic region. take mmyan losgere thar
10.000 yeary, Thus. the ifmiboge and

" charegrarirtet of geoiogie svems whick

orignt divromt the Cispomal sysrem apm
reasonabiy predicabie over-this permad,
We estimated the amonmts of
radigacivity at couid =each e
accesabie envirmmment gver s tms
period uader vazous Sreumsiineey,
Reinswps foer fevicpe rapoyitortes il
into tyas generay catequries, Raiznveiy
small relaszes wouid &» caused by
expecizd processes and by lairly likely
but uintanded evenm, Thess frocessey
and svents (2ad 19 wits: we cai] .
“reAsonably foressensia” relesaes,
Modarate releasey wonld resyit Sum
Zueh [eas iGeaiv events, sych a4 faglt
mavemant= or ether dismmgve Senioge
FVanty ang these we s3i “wery wmiikaiy
raieased.” Vasy large ~eipases waould

o
)
wn

renul oniy Zum the intgxion of
voleanos or itrpagrs by hugs mersnrizes,
U sitay are selectad away Tom regrons
of voicamic acdnity, these largs reiegses
will e exTemaily uniikaly.

We used our patzmies of relenses and
thair likaiikaod to seiser imite om total
felaazes of radicagdvity gver 20,000
years. Linits were ser for rwo Gateooriey
of releases in tarma of theis
probavilities: “reasorabily foreseeabis,”
and “very uniikeiy.” Tha refgase icnts
for tha “very gaiikaiye category are tan
deses larger than those for e
“ragsoniniy Sorsemahies Sitegory.
Reasanably forseenpia reieasas arm
thowe which have mars :Man cne chanes
in 100 of aco=rring within 10,000 radry,
Very unifkaiy reisases are those whose
¢hance of cozurmng within 10.000 yeaT
i% leas than one in 100 and =cre than
on# oz 0.000. No linrits wems set 7or
teleasen witics 2ave less tan soe
chancs 1 10,000 of gusarTing within
10,000 years, .

To select the soegific relegsa ifmivs for
the varigus madiznuctdes in g E50sai
SYSIANL we Imxr eatimatad the heajth
etfecty that might be caysed by these
reizases, For these calcuiaons, we used
very gemeral models of envireoqeniaj
TARSDAIT ind 3 linear, tonthepanaid
doseveifact rmiagozship betwesn
EXPOSUT® and cremators deaths o
cances. This reladonship, which iy based
OR studies Fracared by the Nacogal
Agademy of Sctences (NAS), assumas
that the mumbes of caneacs TMduasd in g

" povuladan ¥ rroportonai to the towmi

doge receiveq av the Fopuiation, evem at
very low Mdividual doses. Arshe Jow
laveis of axwposucas that =ight e
asyocated with reienges fom gmices
geaiogic remamtary, any acuai Rodsmes
of heaith meacs may he lesy than thar
Galerigred by this rigtingunin, and it
eartzinly wouid nor Se-distxmmismabie
Zoor 2atural aocamences of CRgae
Howaver, the Agency beliaves thar
hegith imensr avtic ey a8ing a Yragrn
aenthresfold refationship are 2 aradant
consiceraticn in developiny madianen
PR reqistemTAn Ty,
Cur assatymentsy of remeyizn

© «pericrmance gave sscmates of e

pamibie-henith sffects axpeered Tom
mmiezyes after Sispasai, These estme tet
can vy considerabiy depending upon
the damzmehons casd and thg seoiogs
tiecia comgidased Fop well-desismed
100.000 MT30M meded reromitones in
sait and FaAniiem—nsing enginiser-o
canTeir that we believe are rmadity
acievable—we estiimate that the haairy
tizks aver 10,068 years would ba sa
greater han the maks Som an geoujvalen
aMount of Wndmted wranjum e, T3
Jtovide 2 speofic hasis for our progesed
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—rma
tzedardy we teleciad g limiy ant long With kaas LnLnmeng TR teny ATETUPNAe lengt nf storaga may

‘410 msks of 1,500 Daaith sffmaes gyer ~ili e aciyaveg 1 the rrajesiag devend an derays an the disposs,

20000 veary for 5 100,000 M40 ‘ei@mrps am 2 disposzai Sysiem do qo¢ n2thod For exampie, it Zay be
Fettesitary, Chr 323easents show thgy 4 exceed hoas relegas fimy, dasirapia g i10re mgn-ievel wasras for

wide varety of TeIesiIory desiony and
7tes can regypa 738 below (s levedi,
Wea (ten yseg us {evaj of HYlecTon za
Ui Saars fop falciianng ke feiggam
Uzts spectfing in Table 7 af the
Mancarea,

Aezording 1o gy Bl EERE TR
CTosen ERCOIOTY Lites mors afitha
FTOIeCIen Mk Fempy “eleades iy dyus 1p
Aoanibia humgn BTUSIOns than fram
fHipases 3y gecicgic Processes—i; wa
Maka he very Lonservagve assumpnan
that 2assive ASULseral coarsls qave
no arffper .y determing ur Iminn
i Ivertany FUTAR s en ot more
L7&0 100 vears afres Sispoaai Howevar,
fredicung auman ACTCN2 5 Nuah more
unceran hap predicung namrg, aven:is,
la sartear W& 23z ariy ;uess ag ihw
frequrx:',r of 3oms Jesians {sups 2
4riiling for resgurces), “We tonsiderad
S61ng senarate Sontainmen:
feQuirsmenty thgy wouid limiy tia
fagdisrenwiry thay Souid be rejeggeg by
any ane Lkely Auman ittusion. n order
o avaid Aaving 1 BIUmate sysh
frequencias, Howaver we did 20t dg
L3 becayge: (1) I0LY senargee
requiremens inp 20rel ang Suman
EVEnIs wowld zot pizes aq upbar limit an
f8kc and (2) 381N separan
reCuiremanty fap Sdividyai inTratong o
3ACiden 19 ihe toea) cAmmined
TEQUIemants wauld pet iporeaaniy
ineresse c20iidence ‘har the sveral
FRQUITenesls wouig be Tiat unfeay we
TECE 2w iimpg an {ndingual IntTusions
URTRIAORADIY law,

The reingug Umits are gives g Tabia 2
3 OEY of myrag ‘eiraded par 100
MTEM. The ®isasa limy inp fach
facionueide 15 tha TURDer of mimey of
(Al M manueligs Liat we estimare eouid
sanse 1.000 hearth #i2e13 over 10,000
7aars £t wers g 9niy radignuclide
“eased Tegr 3 100,000 MTH
frRasitary. Fop Telagses Luve!w.ng zore
ttan onae radionugiide, e allgwad
rHeéase Jar sgeh radianuelice iy rediuceg
'8 ke fwction of ity iy that insurms
Wat e gveej) et an oy i not
ExCiedec. Tor Tapsurape Wastes, e
Tiease s aem o erms of suries
feieggey b Wt of an amounr af
WHAIRS contaiming apa =illion eurips of
alpha-smrung TAZEura g
Adignysiices, These UL werde choxen
%0 t2at he stangapds woutd recuire
dipri-eminng rdlggctivity om eithar
Rigf-imvei ap TANTULANIG wastes 1g e
150iated with apgur e same degree of
efecdvaneys, Thy procedure for ugpay
e reisgag mem deacrbed g Tabie 2
0 ke sroposed dlandarcy, Campangs

, 20 years ar mare ‘o aflow igr decay of
Aasurance Requirements mc:s:: of the shorr-ijved radienuciigay,
{Sectien 197 14 The srmary inten; of 112 =auiremen; is

Cosely associzted W our cumemen o FIEVEnt wastes fom Seing stared
CRMIANTER! rguiramany are seven ‘ndefinitaly i Preer ta avoid uitimare
qualitstve FEOLrements we oejjsya are  dispesai, :

! -
3asannai for developing (he Aeedad % Jecause tiey myst be erlzezva for
conridance thar gy 'Ong-term reisags 3¢ long, diapcsa; Syatams shail oifar ay
Hmits should he mus, These axsuranc, TRER Jrarection gy i Tazonaniy
[equirements addragy gnq Comnenss e 3crievabie. Confidgnee in cTmpiying
for tha Uncertaizties thgy TECESsAmiYy Wi the numerical release Loitg oan
ACEIMBANY 5lans 1o isolata thess Ty be assurag “rough aQogting thy
gangerqus Wistes fram 1hg "RVITONment  approsch. There will always he_
ior a very lang tme. Na Matler how dubsiandal URGErTaintes in Sredienng
FTOMNNRY analyneq) Irojectanyg of (28 ‘ongterm rerarmancs of Lese
dispa:;.aj. IVsiem per‘fumaﬂgga AUDear S?HR'EH'.:!. and 5 C!_:!'R.‘!EWHHVE aAbpraaes g
52, hign-igve] apg FANIUIAN wases SUR s&inction ang systam de2igr: 3
shouid he distared of in g CBubticua edaential 1o redurs 1ka chancas of
TANNAT iRat raduces the iikaiirgod of $2N0US arm, Thiy CORERT, of egursa,
ARBRULIDated rainggey, Ourassurancs  must be balanzad yy fdgments apey;
fEquirementy ;ronde the cantext o5l leenmea :ea::bmr_y. anc omg)
nec=ssary fop appfication or pyp CoRsiderztnps, Althoeen die aatent of
COmtBinmunt ‘equiremanta and they the ‘PAuirement canngy he reducad tg 5
1bowid inaure “ary 300d lang-rern Suanfitadve form, jp s 5 concenr thay
Fratection of (e environment, bas bean Successnyly dpplied tg

Saveral of the CORCROE incurporated ‘3diafien amtecgen matiers for 3 long
in these aasuranes TEGUIrEMIRN LY hava Hms,
be=n adapred from the Fedaraj & Clsposag Iy3tama shall raduce e
Radianen Pratecdon Cuidanes for al conlequencas gf Posstbis mistaies in
Ypes of radicachve WAdta dispgagi rhar seiecqon, design, op CENstuGEen oy
Ne mooosed for pubiie IZmmert on using sgvara] diffarens tYpes of
Novermcer 15, 1975 (43 FR 33287). A7 pm enheaced and narraj barriers againer
*eviewing tham [EIDCLSES we rmumiva ‘eleane of the wagiss, ang by taking A
we decdad thay the tharaciararn=y of advantage of rhe Preection anch hay .
differmnt kindy of facicaczve wasa g SEfer. With thys ‘mdundancy, e
DAt suffieiendy symsigr ing generaily Zhexnected fajiire of ang gr mare
Aprucatis cottems 1o be aFpropmata, batrers wi] ha ComBenssted Tor oy
Therefors, we 30poed deveioprag rhiy Fther Sarmars, Differant iings of
Fedara| Radiation Ptoiecnon Guidanezs engitedred barrimes Ziay e ARENOpnate,
(48 FR 1787y, However we aizn d:pend.‘::g EPON Re 0e of wyate
detarmineg thar, becayse of the mvaived They eoujd inglude GRIZSTEry,
AOCEAINERS Mherest in 10,000 veps - the ohysicai ang Shemical farmg of tae
STRIZinIment TROLremans, saveral of WaIE (t8aif, wagta fackage OvErmacic
the mrcyies ineluded in mig eariiar o other stugtey wthin the Uispogg
Fropesal zeeded io ba ICorporated s Syata thag wil pravent op Tuostannaly
Integral parrs of these siandards for tay reiewse of the WRES fn e
dlzposal of high-jevel gog Tansurznjs eRvironmigen:,
wasiey, 3. Protection o e waster 1nail rpe

The sevan assurancs reQuiremant in depand on Aopia by taie aciive .
SetTon 11,1 incluge the feilowing RIS o control tham igp Zore than
mnciples. We *XTect that the spemfin A r*ascnabie penod of Lme zfae
eTs taken by tha ‘mplementng disposal although tha 7 LLEYET]
igenias 10 compiy wiry 23l of thesy Covermmant sians 9 'wtawm pserrangal
fequirsmenrs wiil ha descnbad iy (e CORLS over glj disovsal sizes fop Lgn.
Federaj EaVifonmental impagr . lovei woares, The APpropriate roje fopr
Slaleraeni—and orhae APTrTpnate iostmtona) Conerais was discussasd
decsian GoCumenty—/or e8cl disposaj -AXtEngivey during the develcemant ang
yTiem gublic rmnew f the Padara) Fadiagen

+ Thase wasias shail ha disposeg af Protecnon Cuaidapee fap radisacove
ATOTDUY once sdegrgte TeIR0LEs ace Wwaale disposai thar we SToposad gn
aVailabie in arder 1y ‘educa the gianen November 15, 1g7a (#1 7R saz82 p e
of aeedangs duriry long.cerm Storage. 228 of those Syidag would Dave Lm;res
Wa nave ngy etablisned s ume limut oe ™iiance an nsutifonsl soncols for a0t
U3 requzeman: Iecause tae langer wan 100 yean. Prilic commants

-0
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ot this (asue wers dividad fairiy evenly
Atong four sesition (1) That
naumdonai conools snonid He reifed
epoft for ordy abour gne femeraton, or
20-30 years: (3] =t the 1L0-year nacod
was aopropriate: [3) that the 10 veap
Period shauld e extander m S00m 1,000
yean of even lemger and (4) that we
shoald lrmt reitanes an contiols, bui ist
the implemanong dgmncnes seiect e
ADpToDriate petiod. Saveral commentars
aldy mage i diagncdon Setwesy
“actve" comtnis, such as resfricTiug
dcizas to disposa! ates, 358 “Dassive”
COOTYiA suck 39 warning markars and
reconcy,

In these aampance requirsTans far
Righ-levei 10 Tansyrane *adigactive
waszia dsoosal. we dave degided s iimit
TRiiance on “sesva” SOMTDiSmesnr 23
fuarding 3 disposal gite, Periorming
Saintenancs gperzrions, op comToiling
or l24ning o3 3oy releases Tom g it B
‘9 2 "reasonable” period of ime aftar
disposal which we beiigve stonid he no
JOre 'an 3 few hundrsd vears.
However. becanse tha Pedarm) ‘
Government is commuteg 1o Ietaining

comtral over these disposal sites in
prepenuty, we axpect that “asaiva”
nIntondl mesaymes sqould
subsumtially reduce the chianca of
inadvartent Jurman inmysion weil
beyond this peripd Soch oagaiwe
controis will inciuds permanent Markees
Placed at 1 dispowal site, Fubiie regardy
or atuiives, Fadwrgi OWTEtIDin o :
fontoi of land uss, and ather methods
of preserrng knawisdam 36t the
dHsposai rystern. Tha assumptong tha
W bRilava 2rw aparopnaie when
eongiderizy the sfam—vanpas af passive
BsErrana contuly arp descbes i1
QUr ArOcaanral Megquirsmepnrs (4 ssm.15,
Thase rroased srowvimons regarding
sdtrtonai conrois aniy appiy o
“disposal of igh-ievei ang TEmauramic
Wastes and 4re zor inisdced o Agve
implicazans for reguistons regarding
ower 2divkctve wasies. Wa
pardeuiarly sesk comreent oz aj] of qur
provisicms regarting insugonal
funtois.

5. Th= dangers and locations of
ditposai systams shail by recordad in
e 208t Jermanant ways mragtcabis o
ordar io raducs the chancas of
wnintended disrupgog of dispesal
Sysiems Oy future generagens,

& DMsoosai systemy shai] pet -]
located whers thare 2ag hpan nning for
ITSQUICAS, OF Whiars (meme i3 3
rascnabie patantal for Armee
txploradon for scyren op easily
dccesmble remourcss, Furtsermore,
disposai svsiams snail ot be loeated
wosre (Sere ia 2 sigmfeant
wIncemranen of any mammnal which g

. m#thods. such as deep wedl injactian of

waa availabie or suck modeis. ‘Where
informaton was ugcertain, we mads
CONIErvAOVE JIFUMELODA (hat shouid
tand 1o evereadimace the lang-term mike
of disgosal, However, we d5 not mtend
that the ‘mpismennng memcrsy snovid
w3e all of the same maodais, dara. and
assummprons that we did in manng
performincs 3ssesaments [Datead, the
implemanung agencres genermily shouid
use the best infnmmaron avazsie for
sach particuiar disposal sita,

2 particolae, the ITIUCIDOCNS W
made about the Szquency of human
intrusicn ware conservarnve Secguge
ey ignored e substantial arotection
that oassive institutonal contars sthould
otfer. The pecformanca sssesscents
Mace for specSe sitex by the

" ‘mipiamenting agancres do zot 2eed io Be
a3 pessinuatic with =eard o tu—an
iTTusion. 3ecause of the wwcemzintias of
controls remquring the acHve
parteipaten of peonle ovar 3 iong Hms,
performuncs asszasmarts sionid st
assume that achve instmbonai cnfilrois
fan grevent or reduce releases seyvond a
rEasonaiie perad of Hoe | 2.g. 4 few
hundred year) after disposal. However,
secause the Seders! Covermmant is
commitad i cevaining consoi over mave
disposai sites in Percatyity, sassive
institmdonal cantroiy shagid
substantaily reducs tha chancs of
inadveriant tumgn inssian wai}
beyend this period, These gassive
Fomirgls skould not be assumed 1
prevant all gosmibiities of nzavertan:

inTriman, Degause there i always 3
ehance that e conmaiz wiil e
overiopkad or misunderstoad. Howevar
duch Deaswres sivnld Se 2ffecare in
datarring sysiemanc or Sersistanr
exploitadon of 2 disposai s,
Furthermore, the chance of kugan
incusion shwuid be vamy smail 19 iong aa
the Federal Government rarajng sasmve
sanmol of dizposal sites.

In daveioping thw stangards for
dispasal, we consicared the everail
protecuion which should be actievgbie
Sy the combinaten of Sartars i E
sevlogic reoository. Accordingiy, the
anaiyses ‘wed Iy NRC and 062 10

= BVajuay compiznee with oup
tequiremsnts should consider replisce
szmaxtuents of i2e protecsion sroviced
by 2ll of tha enginssrnd ang sanral
barzters of 1 disposal systerm. Sor
example, performance assessmenrs ofa
geaiofic repuatary SYSiEm showid
incluce the protection afapded by
geochemcal ratargaton of
radioruciides and by tha imiteg

oiubility of racionugiidey m
FIOUnGWaIET, srovided that teascnasia
evidenes iy Zevelcred SUROOCT duch
Techaniamy for tat pardcuiar sie.

2ot wideiy available fom other sourcos,
This requiremern: wouid discourage tha
use of geniome ‘ormadons whicy ire
aften aszocisted with remguress ap
muming oIy, For exampie. e
fraquent mimng of salt domes srtkar for
therr relauveiy pure salt or far yse as
storage caverss would argue agsinst
locadng a repasitory in this trpm of
struerure. However, this same congam
wouid genseaily 2ot appiy 'g hedzed
salt deposits becagsa they are mueh
more comiden. We zarticulasy saei
COImAn an this fequiretient Secause i
cauld fule out sites witeh might
ouisrwize be advantageous i mesting
all of our ather requiremants.

7. Ravavery of most of the wastes
shouid not e amesiuded for a
reascnabdis zenod sfter disposal if
Unforesssn avents require thig in the
furire. Tae vansus isoiation
tequireenrs of ‘hess standardy wouid
Bdake recovery after disposal very
diffisuit and expensive and probadiy
dastgerous. Nevertheless, becayse soma
of gur scisnnfc wmdetstandizy may
grove o ba wrong iz 3 way kat would
produge much grearar Saks thag we ‘
axpect, ftture jeneratons shoujd He
abla la racover the wagtes if hey deem
it arsential An imporan: implicadan of
this requirement (s hat the Airysical
location of mest of the wascas Dust ta
‘eRsonably oredictabis aftes dizposal
Current plans for mined geologic
disvosal would mimer thix tequirarant
Hawever, some soaginis disvosai

leuid weares or rogk Teiting coegepts,
may not Sinee this requrerment copld
eliminate some atharwise feagivia and
periaps advantigeous disposal
mernods, we paruesiarly sasi gnisiic
COmIment afout it,

Prevadural Requirerpents
{S&cifon 151 12

The qawtainmant ‘Equiremants in
§ 1¥1.13 were Gerived with tira
435i3tancs of qur ferfarmancs
assassizents of long-tent renasitney
petformanca. When tese requirementy
are appliad to a pertcolar disposal
sysiem, some of the srocedores we uged
{3 Qurassessments must he cetainsd o
insupe that e intent of gur containment
Mquirsments is met On the athar hand,
so@z of the assumpdons we made
shouid e repiaced with the spae s
rformadon deveioged far sach
partcular system, Tha fequiremants in
§ 19113 establish the Frocedurea
BECRISATY for Froter aoplieation of T
CRntainTent requirermenrs,

We basad our parformancs
433@35enly o0 riatively nmpla madals
af genenc repositares and the dara thar
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Inpismentabon immediare ignty of the Fetasitory ‘or Wa asrmara that this GUangty of wagps,

Th# standardy e waslé managemen;
SPerzticns (Subpart ) Wil ha-
implemenieg by the NRC ar Commarmal
AUCl2ar 2ower jonupag and by ve DOE
for natonaj defense facinp.,
‘melemeniaggn Arocedures for Supgupn
A will be very simiizr 0 tove fgr the
Urarum Zugq Cycia Stancarns O CER
Part 190).

The standards 7p dapazal [Subrat
8) wall 4 irtplementad Dy the NRC for
all mgh-levei wastes, wiethar g
wastes came Aom Cammereiaj op
multary acmvings, The NRC wql! do :nis
Y deveioping +4p NECEsIary revvlations
(Frimariy 18 CFR Pany £0) and oy
3SWIRG 2pBroprsta iicsnses. Undes
CUTEOL law, disposa] of Tansurame
wastes from Sulitary acsivitiay 1 nat

regulated 2y NRO, werefare, DOE wiy

\Dplement ayr tequiremaenty fap Zisposal

QI ‘Zeve wansuranic wasigs,

Tha containmen, requirementy in
§ 191,13 wil he apotied through deaign
3Declfizations. and g mpiementing
igencies wiil have i *valuarz iong-term
Projeczons of the dispcaal sysiam
Periormancs, As 2 redull, 3 vitaj part of
implerentatian will be the uye af
adeduare modajs, ‘Aoinging the
Frapabtiitias of inplagned wvents, 1g
'®iate acpronriate gjte and engineerny
da1a ‘o orojented Beriatmance, The NRC
bas made tungianta] Brogresy in
dgvoiopmg $uch anajyeg| madets tg
Aredisy long-term perfermanca of acmal
it0lome repositorea, These rmadels are
quite davailed, ang Dey are czpabie of
tvaluanng zaw LZRartagt any
UBCETAinoes in sneqfc ‘ypes af data
are 1o ke gveraj] MaAlestions of
TERCNIOCY merfarmanga, Taua, ey can

PTOVIEe mformrancn akour any ne=ds fap )

antaining secer 2aia & determmg i
TEDORIIees DA thg cantdinment
RQWrementy of thasg standaros,

AL our requast, ke Natona Academy
of Scisnras studied the diFcyiran ur
veriiying compiiange with long-jerm
EZViroamanta; Protacoan regmremen s
far zeologie dizposal Qur NAS Panei
davelopeq an I0Proaey that sperafies,
thw types of infernmation zeedeg and
cutlines appmpnae Tetoods far
ebtaiting itis daa g Proanectve gitea
Zasted on this NAS itudy, NRC's modeis,
OUr own araiytical affor, #nd the
confidence tat should be srovidad oy
SUr BAsurancs requiremenss we bave
wanciuded thar gor SORtantmang
fequirsmenty can Ag sdacaveiy
imzismentad

ETacrs nn Fimaith

A disgesal sysiem Compiying wnth
Bese standarge Weid canine aimasg
al zf he '2dicacave wastas ¢ the

3 very long oo, Secaysa the waarea
would 3e 40 wejf laolated fmm 1ha
ERVIrN™Ment any naks 3 futtre
Sdividuals apg POguiations wouid be
very sma:l

Potentiaj Agky 1g ndividuals wouls
denend ungn the SRATACIET ATy of
Particular disposai giray, Howevar, tha

viemry of 3 regository T[ight encoyniar,
After many hundreds op 2omsands of
YeRra. Jame of the wasra 1oay dizsojve,

dosea of 3 faw mlliren zer yeap, (Eyam
if a pesyan wers o gmore avayahie
fecords and sink 4 wdtar weil 3tg ap
2quifer 33 close a5 rwg kilometers um
tha [BBO81arY. Srotectad dosms wod
26t be expected g axcesd jhout gne
TR per vear.) Suech Patentfal sxpagures
are Todest whan smpared tg tha
abproximareiy 100 muli TeY yegr thag
evearyona conEnuously regejves ftom
satural backaround radiztion. mdeeg, in
203t Sases we wonjd sxpec thar agy
additlonal sxmagire would e 50 smaj]
a1 o be congidarss miviai to the
individuals nvaived

" With regard 1o 2xXposures (g
pontlations, we esttmatadg the Datential
longtamn 2pajh Taks o Ajtura
fenersdons wang very Jenarzi nodeis
of anvironmenta) SHDSBOTT and tha
linegr, Aonibreshoid doge-sFacs
reian‘nnam'p that was descingg 28riimp,
Faod chaips, Ways of Uiz, and the gira
and geographieal dismhutions of
Fopulabnzne wajl undoubadly changse
aver g 10.000 yeay Derad, Unjikm
geoiomeal procassss, factory suck a9
these cannoe g usefisily prediztey gyes
fuch iong merogg of Sme. Thug, in
DIAKING aur heajth affupsy Brojecions we
fouad it RECEISArY 15 dapend ypag vary
general modeir of envirowmenra)
pathways, ang 19 EELUL-LE T T
POPWAton diamibynmg, and daath rates,
A% 2 consequenca. theze srofecnony ars
imteudad ta be used sritanly as 3 1oy
fap CORPArnY the perdormance of anm
Wasie discosa) syatem 1o dnother ang
for companacn of the tisks af wazgte
disposal with thosg pf utigisruried g
bodies, Tha remuty of thage analyses
should zar ba solsiderad 3 reiighia
PIUTECton of the "real” or absclure
OUImBET of Zeaith sifanes Tesulany fom
SOmpidnse with gup Mandarns,

Using our yeneraiized Sodels, wa
d33m3zed thy long-tarm fisk Forga
tepasitary ;BRiAinng the wastes from
100.000 MTEMoa—wireh sould inclyde i)
existing wastes angd e amee wagiag
from all SiITRnny cperzong f=actor,

3-4

when disposed of in accordance wark
the ATopesad siandarps, couid cause no
more thag 1 oo Fremanire deatks rom
“BRCEP I the Firsc 10000 years afiar
disposaj: an Bverags of 3o mare map
one permarure dagth avery 10 vears,
ANy such incragse wouid be far tag
3mail to be derecighis i any mammer
fampared o tegay's lacidence of

cancer, wihich xiis g3hayy 3530.000 pegpia

7er year. Similariy, any suca inceasa
Wauld be unpetaciahie CImyared o mp
ADproximataiy 4,200 Dremarmura capcer
deaths zer vear thar ‘e same iinear
dosg.asiec: "2iadonshiy srecicts fop
Ratural beckzround radianen,
Howevay, aitbgugh thia long-tare=

POpPWRDEn mak 8 cieacly vary smail, tha

disccrntmuiry Serweern when
are zenaraiad and wheq rke

2eajth affonss Sanifest them

the was:as
Jravecied
LEIE

Makes it diflTenit 1 determing whgar

levei of Tendual mak shouid

ae alipwed

by thase Handards, Tha A culty amaey

SCAUSE MOt of the Denerite

demveg (a

tke process of wasig Produgticn faif

Uoon the curren Zonaranon,

while mage

of the ngky fai] Upan urure genmrarigny,

3. 2 Dowendal srobiem af

Lmex—,enera:iona.l Sty war Tedpect ;i

the diabution of msks angd

benmfity

becarmes appagen; This problem jg

3DEUMes r2iarrad 19 ay the
intergeneratona] nsi isaue.

and it ix 3o

4oique 1o the disposal of high.{avel
rzdicacgve wastes, U we Tiad 1o insurp
that our standarny fully sansfv 2

iteson of mrerganerstiona) 2QUILY wnin

TEIDELL to the distrburnon af

T8ik3 ana

benedty, i TUZDT aDpear thar we showd
fRQUIre that 2y risk se Pasged on g

future genergnons, Thig in 2
which we cancinde cannot &

dispasa) tecanolomas foresesapia wWitiin

3 CERRIrY. However. thars

conditian
& mer by

& one

PArEEiar factar witch Z4s ‘winforeeq
aur deciton abay; tap TRaANdndsiersss
af tha rigks Peraited under gup
Provosed standards, This 1 our
a¥2inanon of e nskg 2s30ciated with
endisiurbed LIS gra bagias,
Ureniium Cre: Mogt WrAZRNIR gre in tha

United Starea JCLUm N ermagnia
Jeciaqi; smr ta.comtaiqiag Hdowing

gFround water, Radionuciices

n e arg,

Partcuianly cramivm apd i
fantinuousiy sprap BIY ground waras
We ssamated b Pelingal faks Aam
these undisniries ore Sodies using tha

At we used for reimgses Som g wWita
repasitory, Tha effecty 980izated with

ke amount of ope Reeded o
g2h-{avai WIS (23] wouid

produce the
Bl the

mode] geciong TRROSIErY can vary
congiderainy. Pary of i&s varation

CorTe3ponds w actual difere

nces from

-
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oo ore bady ta another part can be
atziuied to uncattainties in e
dsseszment Qur estizates ranged from
300 to store than 1.000,000 axeass cangar
deaths gver 10.000 years, Thys, ieaving
the ore unmined 2npears to nresent at
lezst as great a nsk o future SEOAritions
38 disgosal of the wastas coversd by
thess standards,

We ar ot sure that thiy analysis
prevides‘an adequate meurs of
Medoiving the question of
ntergenarstions! vk, I haa, however,
teiped ta influsnce our decision of wiat
19 38 acsestanie level of restdua] sk
fiven our curtent Acientfc
tacanoinogical, and fscai capabilities.
Wa particularly invite comment upon
the quastozs of intergenaratonaj nsk
and e agsantaility of Sk
Additionally. for purposes of
ESMDAnIoNs of Maks perstted ynder
the standards (g radiation risis we are
surrendy exzosed to. we have meiggad
4 brief diseasyion of the risks fom
datrai ackoound

Varistions in Natyrs! Faekgraund:
Racionuciides aoour naturaily in the
8Ar3 in very large amounts. and ars
produced in the aomosphars by cosmic
radizden Everyone is exposed 1o

-aariral tackground radiation o these
farral racioguciides and from direst.
BXPRSUCE o Caaric radiation. Individual
EXPOMIEs average about 100 Dilliram
FOr Year, with variagomns Setwassy a0
and 200 millitemy /yeer. Thesa patural
Racksrouxd radiaden laveis have
tecained reladvely constany for 2 very
leng ke, Acsorsing to the same linear,
nontireshoid dose afect reiationziip
u3ed i our other anaiyses. ag iccosase
of axta miflicers ser vasr fabout oge
fercant) in damral Sagkground in tie
Uzited Statms wouid result ig abous 40
additonal dagrhs pes YEAT, or 400,000
Gver a 10.000 yesr seriod,

Reguiatory Impact Anaiyeia

This aroposed mzie was submitied w
the Offee of Manggement ind Budgst
(OME) for teview 23 requirad oy
Execugve Order 12701, ARy camments
we recarved Som OMB and sup
TRIPORILY 'S ‘Sose comuents ire
availatie for pubiic inspecton (o ias
dacket cited above cnder the baadi=g
"ADDRESSES,” "

We have nad 10 take an uoysual
AppiTacy o avaluagng the requiatory
Zxpaer of this proposed actone—as
reaquired Sy Exacudve Orger 12951, I
Doaz caaes, & reguiagon congermy an
engoing zctivity snd may be considersd
3 urden whose costs should Be judged
igainst (02 woulatory benefits. Hers, we
cauld St quantly the gosts and Tenedts
of sur aczon compared 13 the
Sensequences of 2g regulation because

thare is no “basslize” program tg
conyides, Tha AUprogriate requlations
&ust be extablished hHeform develoomeant
of the requiated agtivity can aven cegin.
Thus, the typical perspectives gn cogrs
and benefits are aitared, We evajuated -~
how the costs of cammepeial wasta

‘Ranagement and disposal might ckange

in redpenss to differsnt levels of
protection Som our containmeny
tequirements and to changes in qup
A3FUranew requirements.

Ta avaluate the edfects of differam
laveia of protacrion, we congidared the
gerformancs of differanct repository

- desigmy in thres diffssent gealogis

media; salt, gramits, and hasaly Wa
estimated tha caats of the various
InQneenny contrais thal might be
oeeded 1o meet different levels, aad we
Zade some asTuTphions anomzr the
lroreased site selecton coscs that Tight
occur if wwars sitingsa: standards mage
it karder to find s adequate site far a
repository. -

We found that the inevpased coarg of
sething 'k standards at the srocosed
lavel cauld range from zasg 1o 55 miflion
{1981) dollary per yenr when compared
ta the costs of chogwing a level mors
thal tem dimes less stringent (reiense
Umits len tmes greater than our- ‘
proposed limits), This potential incense
is mueh laga than the unCATIRintY in the
tatal costs for wasta Danagemsnt and
dispozal, whichk singe fom abour Toa
miilign to aimest 1.5 nillion (1381} dollar
PEr Year, For companaern, siecoal
udlity revenues were about 100 billion
dodlars (2 1980, ‘Wa estimata that tha
potential ccodmpic imwact of choosing
the =aore stringent levef of protecton
esuld Je-abour a 9.2 percant ncreasa in
tbe costs of genarating elaccity fram
pucizar power Flants and a omes
smaller ine*easa (ahour 0.08 percent) in
averzge elacicity rates, The detaily of
these cajcufarony ara Provides [n tha
tepar of our requlatory impact anafysis

Alternative Approacies '

Besides comsidering diZarent levals of
Protaction, we aise eonsidermd sevaral
diffatent approaches to our Fropoded
standards. Thase ajteratves s
svajuatad in gyr Oraft Envirnmecta|
lzzact Starement, and we encourage
putlic comment an t9ass optiany, We
partcilarty sesic comment on a GSaren:

- AporoRc tg 2ur standards for dispogal

(Subpart 3}—an sliermacve that waid
e3tablisi radiation enposurs fmits for
individuais. suek as the [fmit of 25
miilirem per yaas in Subpart A of tnia
Provosal. ;ather ‘fao the :adionuciide
r2iease limite thai we are Proposing,
Stanaards 2zsa¢ on indiviua
2XDesUre Lmiis or equivaien: siandares
wilica lant radionuaiida CIncAnTatons

3-9

in air o water, reamict the sk that any
parucziar individusl may o exoosed (o,
Perdeniarly when ite limits are
tomparasie to or leas than nameai
backeround leveis. they may os more
effective at contmunicating Sow small
the chance of hars Fram disogsal of
Uimse wastes shouid be. Howaver, we
choae not to use indivigyai exposure
limits in Subpart 5 becsuse of two
utique-2spects of these disposai
standards:

Firat, these disposal svstems dgve m
protec: the sxvironstent Tom tmas
higoly concentrated mdipacmve waslas
for mueh longer tan instmtionai
canTols can be guarsnmasd g he
edagtive, Any individuai exnosuse lje:y
we set could only appiy at sors
distanes from a repostory. or i1 wouid
have o ignere the nsks from ungianned
avents lixe inadvertant inmosione=
Decauss individugis whao fa2il to
understand passive warringe gnd
Penemate directly into or cfoss 1 a
dispasal system (through dxTioratory

ing for water or cunerai resowrces,
for exampie} could recmive very lirge
exposuras, Thess exposures would
probably =xcead any easonabia
individual sxposurs standard.

Second, the disposal standards hyve
to be appiled througn apaiytecal
performance pmjecﬁona—-i:;leﬁmﬁ:g
fuch stagdareds througi amvirommanes)
onitoring and petentiaf remedia)
2cdons gver thowsancs of years is not 2
<adible zoproach. Whea we somrmarsd
the anaiyses nsadad for cothpiianes
with exposurs limits tq e azalyses
Rezded far compiiance with rsicgss
limits, we faund thar qur sronased
dispesal stangasds wonid be =nch
tasier to imnlement thar eXToIure
Uruts. The NRC. which s TEsTomainie
far aopiying our standards ior high-evel
waate cisposal, macs 3 signigr
evaluation and also fousd thar
standards based an radicacavicy ~ejegge
limits could ba implamentag Zore
fzadily than standards basas an
sxposures 1 individuais,

Thus we baiteva oge roposed
Aperedch will fagilitare licensimy of 3noa
disposy] systems wigle prewniding
dpprUpriate eovionmenial ETDtantizn
Tvm e long tarm msics prexavipd by
bigh-lavel wastes. However, the
argunants favoring individuai axsosges
limits are 2ise parsuasive, ang we
pardocuiarly seeik sommanty oo Wi
approach we shomid diimateiy selscs,

Questions for Public Comwent

In describing our Trobosad
fvironmencal stangarts, we bave
zighiigoted severai issyes anout which
We pamcziarly sesk commant Top
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canvemence, we fummanza thewe
Jueanans Hare

L I3 our definition of high-{ayp wasta,
Wil exciudes any Talaral win
SODLERIrAtens Dajgw t3e valyey
ipecidnd o Tabje 1, 5 prover anprogcs
‘o diseageisn Tetwaag WRSPY winch
TRQUre maximym isoiation fas (n 5
roingig TERASISTY) and wagtas which
N2y Je disposeq of {0 im33 smcra
aclitiesr | .

2 [0 choomng a Proposed lavey af
Frotection srowvigad by the Standards,

have we fagaT ap ApDropdate Avproach
Wih regard ooty lOngsiar cesidua]
ti2ks we may FaMd on !0 fnmre
28neranong} .

L Have we coose in aprronriEe
AForoach with regary 1y the segraw of
ZrOTeETIon Y13t should be antucpareq
=TE 2uve and pasgive nSUNYenaj
canmwoia?

4. Showd we adopt sup Proposad
TEquement o avpig siting dispoge(
Y¥RmI whare thom T13Y e scarce ap
2a3Liy acoEamiia TEOUrTE—y
“ERUIeZADt whigh goylg rue qur gites
whizh might be advantageoys g Mesting
al of qup nehes TAQuUIaranig?

3. Should wa adopt auyr Progosed
reQuiremany thay TRCAVALY of moar of tha
WRIAS szould he feazibla if 1aforesnan
EVERW require thiy in ke Sy
IUDement whiss THRIE Tie aur soma
aiternanves 1 Ained geajogz diapoagi?

we deveign Fundards thay oy
FRCIDULT axpoaureg ‘@ mdividug (s
‘neteag?

Lt of Subjects in 40 GFR Parg 157

Evironmegtag Protecdaon, Nyclggs
eneryy, Radianag Frotectan, Uragnm,
Waste searmpny and dispogal

Reguiatory Flexdibility Cartifizating

[r aceardanes WYL thp Regm‘amr;
Flexibriity Agy of W IUsC 3C37h),
U2 Admiriganargr 3er2by cerntas hay
s prepoaed ule would nat, if idoptad,
bave apy Signifleant impags op imag]
Susizesses op Otler enfites, ang thar a
Requiawcry ."-!exibdiry Analyss ;x noc
quired, The rue woud afiect oryy 3
1all cumbar of facdittes, mosr pf wincl
wouid be operarag by the Unuted Statas

Verniment,

Darea: Qecamper o7 1oy
Anga M Carpyes
Admineaeracor,

A zew 2qr 107 14 FTODASed ' ha
2dded 1a Tlale 40, a8 of Fedarg)
Reqviztons, ag follawa;

SUBCHAR TR F—RACLATION
PROTESMION FROGRAMS

RaART TS'I-*-ENVIHDNME.’W‘AL
RADIATION FROTECTION

e

Mo Anpiicab:liry.

b Band Definitipma, ‘

102 Smndapgy {or normal fomraTiony,
904 Vamancss for unuayg; aperanons,
19105 Effactiva darg.

Sutoare B--Enwmﬂmm Strwarey 1or
Qlaposzy
711 .-\nglicamﬁry,
19L12 Defrimcps,
i Containgiags ‘towresiants;
IM.14  Admyranes TRy,
9125 Proerdum) EOUIrsmenty,
L8 Effermve gare,
Apremdiy
Autharity: The Atomye Enerzy Actof 1954,
23 Amanasd: Reorgamzagpn Plaa Na. 3 of
g

Suboar: A—nvironmental Standargy
for Managemeny and Slerage

§191.01 Anpiicaniity,
This Subnart ADDiipg ‘o radiaron

doses received by Remeers of the Tubiic

47 2 reyult of the anagersenr; exsaoe

. A

Las# onerations aTT 20t subjecT i the
Arevitions of Parr 190 of Title 40,

§ 19132 Cefinitana

Unisysg olterwite imdicaiey ir thjg

Part, all terms spayf Nave the same
ZeAMng as iz Syuppar A of Parr 150,

(2] "Spamy Tuciear fym aeans agy
Suciear fumi remgveg Tom 3 ancisar
TRACIOL after jt kaa been irradia tad,

(b} "High-iavaj fadicaciive wasray”
Deans agv of the foflowing thay comizin
radiemyciiges in cancensatony Tegter
than thysa identiTad in Table 1
(Apper:dz'.tl: (1) Ligng ‘wagiey fesuiting
fom the URATRULL of the frmt cycla
salvent wxroenn $YMem. ar equivaian
g a faciity fop PRprOCassing spemy
ouclear fmgis (2] t2e concencageg
WAAtes Fom subsequans EXTacHan
cycles, op SWvalern (1) soiids
Whieh such ligyig Waslay ngve peen
SODVartad: ar (4 SDent aneleyr s f

1900%ed of withau; "EDTOCEssng,

(¢} “Transuranic WRYIES. " (8 ysed in
thiz Part, meang “WaNes eontumng mors
than 1o J400cumes of aippa 2Cutong
Tarsurare 130T0es. with gaif.lives
arester 2w sne yeyr, A%r marg of
waste,

3-10

e e s

(d) "Slorage- TEAN3 dlacement of
rAdicactve wasrps with plarmen
sapability 1y readily retneve gupn
materals.

(#) “Manageman: and sroraga” mpang
by actrvity, Qperaton. gr Arocesg,
excent for Tansporangs, conducied
Prevare soent nuclags fel. zigh-ieval gp
fransurania radisaesve Wastes fop
Starage o disngsal e $lorage of apy of

€3g materiajs, gp BCSVitiey assaciarard
wWith the dispoga] of these matarmajg,

(1) “Genarnj eOViroament” magng the
total terrewral, AmRosphene, snd dguatic

radisaemve waatps 5 cmigueied,

{8} "Membar af U8 gubije" eany any
individual whe jy 1at éngaged
Iperatons nvalving the Mapzgentens,
Storage. and disposaj of Talerais
covered v thesa tandards, A worker
30 engaged (s & member of the pubiic
EXC27t witen ap dity 31 2 gza.

§ 19103 Standargs ror oI aoeratony.

{a) Creranons Covered by (ki
Subpa:t shoyld ha cenducted so ga 1
Teduce e posirey (g Tembers of tha
PUbLiz 1o the extapns ‘easonatiiy
achievable takizg 19to scqoup;
Behdical somial, apng ecumomic
conaidersticns. Ag ap aEper limir,
*ZLE0T laf variances in dcnordages with
191.04. thpsa UDerations shajl b
Lazducted in sucy 5 Tanner gy (g
srowvide reasangpia IRIUrAnCe thay
Combined anual 3gae #2urvalent 1o gny
membar af the puniic dug o {1
Operatans cavaved by Farr 1gg, 2
plagzed discharges o/ ‘zdioactiva
DALl g the grners) SOVIrOnTnant

IT operadena cavareg oy thia
Subpart, and (3] diraer fadidden fram

838 operaneny: shail par #xGaag 15
RLlrers 15 the wihpia body, 53
millirems 1 hg thyrend, or 25 miflipmen g
‘0 ATy otter apgagn

§i91.04 Yartancey fop Pl T2 TE T doErInON.
(a} Tka metement:‘.ng IFENCY may
£Tant 3 varanes temporanty inthormmg
aperaticns woiph SXLEmd N8 Stancsrds
speciffed iz 197.0m wien asperma;
9PerILng uonditiong axisy it (1) 4
WIiTen roguesr sty contingag
per2Uon hay Huen Sulzmied, (3] e
G003 and banesity of fonunyag
9PELIOon bave Demn SJunidared ¢ tha
EXTENE Dossibia, {3} the dtermanvag 1y
counnued gperagap Rave jemn
Cansidered, and (4] £on6nned opergrgn
isdesmed g be 20 pubiic integay
(b} Before 1he VANANCE 13 grapragd, ng
Lm_niemem:ng agency s8ai! annpynes ay
Prolicaton in the Fagem Ragistap 3na
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2y lettar to the govermors of afagiad
States: (1} The naturs of the abnormal
eBeranng condjgons. (33 ke degrem 1o
witich unrinued operznon 13 expectad
12 Meaui: i doses ixconding ke
standazds, (3} the sropased schaduls fer
achieving conformange with the,
standarda, and (4) the acran planned by
e impiemenuny agency. .

§ 19105 EMacive aste .
Tha siandamds ig this Subpart spall ne

eifective 12 months. fromm tha

Frommtigation date of this ruis,

Suboart S==Environmermta) Starmdargs
ot Claposas .

51911 Appicaniity, .

This Subpart awpiies to regicacdve
materials reizased 2to the acoessifjs
savitonmett as 3 resuil of the disposa)
of nan-levat or rapssuragic radieagtive
Waates, incuding the dispasal af spent
nuclear el Thus Subpart coss moc
ipply to dlsposal dirsctly inte the
OGRERS Or acpgn sediments,

179112 Definitions,

Lrleas otzerwise ixdicatad in this
Subpart ail jerma shall tave the sama
mRAnng a8 in Subgart A of thiz Papr

{#) "Diszasai” mezns isolation of
madiceative wastes with ng intent ta
TRUDVAY thgm,

(b} "Barriers” means any Mmaterals or
strugtarss tha: sravest np substantisliy
Seidy movement of the radicacgve
wastes mward the scoesmbie
saviarament,

(e} "Disposai systam™ imeang any
cambination of angpneereg &nd paturar
Samers thst coantames radioacsve.
vasiey afiar dispagal,

(4} "Groundwater' means watsr
beicw the land susface iz 2 zone of
. sAfufation.

(e} "Lithosphers” mmama the soiid Dart
of the Zarh, neleding any roundwater
comamed within it

(0] "Acsesabia ;Mviramment” incing e
(1} TEe atmosphers. {2} land nurfacas, (1)
surfzce watars, {4) cemans, apd (%) par
ef the Hihcsphere mar are more than tan
Riametsry in any direeton Bom the
ermnal location of a1ty af-tha
radigactive wasias in 3 dfstosal svatem,

{3} "Reasarabiy {oresgendie reisases”
meins felsases of radicactive wasies o
e asessibie snvirenment thar are
sxumated to Save Dore cien one aRangcs
iz 100 of octumring within 10000 years,

{(h) “Vemy uniikely rsieasas” means
releazes of radiopanve wistsd 1o the
acceanibin environment thag ars
#adniated 10 have bapwaeg one chapca
in 100 and ane chapes 1o 1.000 of
OCLUTING within 10.000 Yedrs.

{i) "Peformanes 453833ment” Means
4n analyma waiech idenrifies those

" analysis,

" “projectad ta ba less thap e quansties

(d} Qlxpesal svstema shail o raly
upon acdve ipzutitona conmms o
isolate the wastes beyond 2 sasonabie
period of e fe.z, 3 ‘2w Auneren
years) aiter disposal of e wastas,

{e) Dsposal systa=s shgil be
icentifiad by the oomt Farroanens
Sarkers jnd "scorts eracucabie (o
indicate e dangers of tia wesios and
thair loestion.

[f} Dispogal svstams shaij oot oe
located whers thers 435 Sesn mining for
f2aouiTes or where there 15 2 reasongbia
expectation of exeloranion Sor searse or
easily sccossmibie remouseen i thp fnure,
Furthermore, disaoaal sysiems shail zet
be loeated where there iy 2 sipaificant
concenttan of any materiai whizh ig
not widaly availatis Tom gres souftas,

!5} Dispesal systems skhal] be saleciag
fo that ;emavai af soat of = wasres i3
not precludad for 3 reasonabis erind of
tme qfter disposai

§ 191,18 Procadurat mouiremenes,

Periormance assessmanms 1y
datersnine compiiancs witk ke

avents and orocessas whiech might affrat
te disposal system, sxaminss heip
effects upon it barmers, and eatimares
the probabilities and eonsaquences of
the evanra, The anaiveis zeed 2ot y
evaiuate Hzks fom all ideatiSad evarts,
However. it should pravide 3 reasoanie
axpectation that the nsks Fom evanrs
oot evalvated are smail in comparcison

to the risks whica are eatimateg in the

() “Agtive instimytional conmols™
maans: (3} Guarding 3 disposal site, =p
(2) performing maintenancs operzlons
or remadial actions at a disoosal sita op
(3} controiling or claaning up rajeases
{fom a dispoaaj site,

(k} "Passive instimtiona) conials™
tteans: {1) Permanens mariars tlaced ac
3 dispesal site. (2] rubije recarns ar
archives, (3] Federal Covernment
ewnershis ar contol of land uses, or €3]
other methods of preserving knowledge
abaut the iocanen design, or cantans of
a disposal systemn,

{1) "Heavy metai” means ail WwRtim
plutenium. or thorium placad into 4

oyetear regcror, =it
’ containmant requirementy of 319133
§19113 Cantanment requirements, shall be conducied in accordance with
Disposul systams for high-leval ar the foilowimgy
Hansuranic wastas shall be desigred o {a) The assmssmasnty saait sohsider
pruvide a f#asanabis #Xpeciation thay realiste projections of the protsctan
for 10,000 years aiter fxposai: provided oy all of the angpnseced ana
{a) Rersoaaniv ‘orezesndie raleasas of aatural barrisrs of 4 disposai system
wasie to the secassitie eovirinment are (9) The assessmaars shail aor 2ATume
that astive izstitgtonaj cantrols can
PIeven: or redocs reisases iy tha
-+ agaessible anvironmang evand a
teasomakie genod [ag. 3 faw Sungred
years) aiter dispozal Howaever, (¢ shouid
Se aasumed hat the Tadera)
vernment [y comnsitied g {etaining
Passive inattutional conmol af dszosal
sites in pervetury. Such passive conoDia
should he effersve o deterning
$y3Ieriatic or parmstent axzloitg fon of
& disposal nte. and it showid bw
assumed 2t ‘hey ¢an keep 13 Chmmgs
of izadvertent Juman imrygen very
amail 29 iong 25 the Tedera
Covernment mstainy sueh PaSSEIVE
control af disposal it
(e} Tie asseasmenty shail uss
- [Risrmadan jegarding the lkelifood.of
human inrusios. and 2y other
unniannmed svents thar T4y cause
telensas to the acemaginge eovironment

caleulated accoring to Tabie 2-
{Appendix},

(b} Very unlikeiv reigases of wasre in
the 3czessitle snvronment are
Arojeetad 1o be lass than &7 limas the
quanttisy cajgniatad aczacding to Tabla
2 (Appenn‘i?:}. .

§ 191,14 ASSUrINDE rYQurements,

Ta provide the confidenas asedad for
compiiance with e sontainmment
fequirzmenis of § 19112, disposal of
higa-level or Tansuramic wagtas shall ba
condueted in secardance with ka
‘oilowing resvitermnanta;

{a) Wastes shail pe dispasad of
promatly cuce discasai avitems ire
aviilabia and the waates 2ave been
syitably eonditianad fop diaposal

(4] Dispozai systems skail e seiggied
and dasigned 1o keen roisazay 9 the
accessibie environment a9 smai as

Feasguabiy achievable, aking into as determingg by tha iaciemencng
AcLount technical, socia), ans ecSAomic  ageney for esch saruealap dizzosat mite.

conaderg Hany,

(¢) Disposa syviama shail use severai

Erant Yypes of Samears o isolata the

wazies from fhie acceasibie anvirooment
Baoth snmnsered 2nd naterai bareers
shall be inciuded. Sgeh suen Sarmer
shail segarateiy ne desiened 9 provide
substantal isolanon

¥ 19118 EMeczive dore.

The stancards iy sy Jubgart shajl =e
affactve irumadiacely upon
Promuigaten of s muiz agwevar, ihiy
Subpart does oot appiy 'o wasias
dlsgosed of meinre Fromuigatan of uis
rula,

Baull
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“anmcered 3 nghslavel mgdicacve wasie f —

the sum of the raney of the racionuciide
CONCANTINGS 0 he waate (o (g
cencenrauon w Tabis 1 axcendy gna,

Far example. . 3 waata coniyumy
rtdionuciides A B, and C n toncentrafons
e Oy ang O, and of ‘he conesntranen iimity
Eem Table | am o e ama CL thgg i
wase 1nail e canargeres 2190 java
tadicacave wists i 1y iailawng
THatonaing sxac

C. (o8 o
—_—— »l
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Note L—The Reiwase Limi n Tabla 2
ApPiY erther 1o the amaunt ot high=iaver
WRIHS Jenernied Tom 1.000 MEre anas af
Nemvy merar MTHM), 2r 1o an amount of
Tansurame {TRLT wastes Cantaiming one
suilion aures of AipRa-*mutng cansuran
nadionuciides. Ta deveiop Aeigaan Limrty fop
2 parncuiar disposal sysiem, the JUanndes n
Tabie 7 3aail be adiuated Jor the amauny of
WEITES cinded in the diapaan| symesm. For
exampie:

(a} if 3 parmenjar disposa] svatem
conrainad the Aigh-wve wasies from 50.000
MTIM the Teiease Limita 1oF that aystem
woRld be the quanmiies - Tadia T mytipiisd

M),

{b) If 3 garrewar disposal system
cenitined five million curies of 3;ona.
STNNE Aansurame wan e, the Reisyse
Limats for trat Fysemt wouid be the Juantines
in Tadie 2 muingiied by five {Gve mizilign
curizs divideg Sy gna milllen cumms).

(et f & parmcuiar disgosal svsiem
cRniained hatlr the Tign-ievel wasies from
30.000 MTEM ane t muilion cumes of ijpna-
#MIINNG TENSUrANIC wastes, e Aeieate

UTits P9 t=2ar avarem wouild be i quantities
in Table & multipiiag oy 53

R0 MTHM  1o0m0.000 cunes TRUS
- =33
L0090 MTE 1.000.000 cane TR

Nate 2—in c1388 whars a suxnyrw of
radienuejces i3 rojecied o be imedeg, the
Umiting vajues sia)] he deterneg aa
‘adcws: For sgen fadienugtide 1n e ik HTTL N
detarmimy the rapg batwean the GLTuianve
TRLAAE IUARNLY projecied aver (0.000 yesrx
and the im or gy {Faionuei;da 4y
datermuned Tom *ihle Iang Note . The swn
of suek rauos {ar aj] the rgionuenans g 17
miXrire may not excaed ofe.

For exampa, .f radlenuctides A 2, and c
are projected (0 oe cefensed o aMountsy Q,,
Qw ana Q. and if e 2PPUCATIE Rognse
Limits are RL_, Rl and RL then tha
cufrzlanve reigates gvar 10.000 yexrs saall
b limuted 3o g the folawigy rationamyp
[ -3t H o

2 & aqQ
T — e —
Rl. R, AL,

MR Do 23301 Filga Tdm A A3 amy
AN SOOE (g -



APPENDIX C
REFERENCES

Following is a listing of the documents considered by the High-
Level Radioactive Waste Subcommittee in the course of its review of
EPA's proposed standards for the disposal of high-level radioactive
wastes. The list is divided into three parts. The first includes
those EPA documents which were used as references, the second other
documents used as references, and the third, documents which were pro-
vided but not used as references., The list does not include numercus
minor documents handed out at Subcommittee meetings which are a part
of the minutes of those meetings.

1. EPA Documents Used as References

Alternative Disposal Concepts for High-Level and Tranmsuranic
Radioactive Waste Disposal, U.$. EPA, ORP/CSD-79-1, May 1979,

A Review of Radiation Exposure Estimates from Normal Opera-
tions in the Management and Disposal of High-Level Radioactive
Wastes and Spent Fuel, EPA 520/3-80-008, August 1980.

Draft Environmental Impact Statement for 40 CFR 191, EPA
520/1-82-025, December 1982.

Draft Regulatory Impact Analysis for 40 CFR 191: Environmen-
tal Standards for Management and Disposal of Spent Nuclear
Fuel, High-Tlevel and Transuranic Radioactive Wastes, EPA
520/1-82-024, December 1982.

Economic Impacts of 40 CFR 191: Environmental Standards and
Federal Radfation Guidance for Management and Disposal of
Spent Nuclear Fuel, High-Level and Transuranic Radioactive
Wastes, EPA 520/4-80-014, December 1980.

Environmental Pathway Models for Estimating Population Health
Fffacts from Disposal of High Level Radioactive Waste in
Geologic Repositories {Draft), EPA 520/5-80-002, December 1982.

Environmental Standards for the Management and Disposal of
Spent Nuclear Fuel, High-Level and Transuranic Wastes (Pro-
posed), 40 CFR 191, December 1982.

Maxdose-EPA: A Computerized Method for Estimating Individual

Doses from a High-Level Radiocactive Waste Repository, EPA
520/4-81-006, April 1981.

£-1



2.

Population Risks from Disposal of High-Level Radiocactive
Wastes in Geologic Repositories (Draft), EPA 520/3-80-006,
Dacember 1982,

Population Risks from Uranium Ore Bodies, EPA 520/3-80-000,
October 1980,

Potential Individual Doses from Disposal of High-Level Radio-
active Wastes in Geologic Repositories (Draft), EPA 520/1-82-
026, January 1983.

Radiation Expasure From Solidification Processes for High-
Level Radioactive Ligquid Wastes, EPA 520/3-80-007, May 1980,
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January 30, 1984

Dr. Herman Collier
President

Moravian College

Main and Elizabeth Avenues
Bethlehem, PA 18018

Dear Herman: -

I have reviewed the revised draft of the Ixecutive Summary of the report
of the High-Level Radicactive Waste Disposal Subcommittee of the Executive Com-
mittee of the EPA Science Advisory Board. Although I am in general agreement
with the findings and recommendations of the Subcommittee, I am concerned that
the manner in which they are presented may diminish the potential for their
being accepted1

The specific issue of concern relates to the evolving concepts of risk
assessment and risk management. At the time your Subcommittee started its review,
the distinction between risk assessment and risk management was not drawn as
sharply as it is now. 1In addition, the Subbommittee was provided review material
which blended risk assessment and risk mapagement issue. That this was the case
is evidenced by the fact that you were presented with a proposed standard for

‘review. This blending of risk assessment and risk management has been extended

into your subcommittee's Executive Summary which concerns me as I will detail
below.

Although the Summary highlights a number of important findings and recommen-
dations, it is my impression that two findings stand out as being of mejor im-
portance. The first finding is that conservative assumtpions have been used to
1ink releases and health risks resulting in an over-estimation of health risks by
an order of magnitude or so for a given level of release. This is an important
matter of scientific judgement and within the context of recent usage of the term
is a "risk assessment” matter. The bottom line conclusion that may be drawn
fram this "risk assessment” finding is that the release limits in Table 2 of the
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proposed standard should be increased by a factor of 10 for most radionuclides if
the societal risk objective §s held constant. This conclusion deserves a state-
ment on its own.

A second finding is that the proposed societal objective of not exceeding
1000 deaths in 10,000 years is considerably more stringent than those generally
required or adopted in today's society. The conclusion as to stringency compared
to other sources of risk ic a matter of scientific judgement as I will discuss
later. However, the recommendation to relax the societal objective is a matter of
risk management. Unfortunately, the summary weaves all of what I have discussed
above into a single recommendation.

Certainly the Subcommittee members, as informed members of the public, should
feel free to offer their opinion that the “risk management” judgement of not exceed-
ing 1000 deaths in 10,000 Yyears is too conservative. However, in offering comments
on this aspect bf the standard, their comments should carry no more or no less
weight than that of any other member of sociaty. By bringing together in one recom-
mendation a risk assessment issye (relaxation of the release 1imits) and a risk
management issue (relaxation of the societal objective), they raise the possibitity
that their scientific Judgement will not bg heeded.

Having noted the need to séparate, to the extent it is feasible, rick as55es5-
ment and risk management issues, I should hasten to add that I do believe it is
appropriate for scientists with information on comparative risks to call this
information to the attention of decision makers who must ultimataly make risk
management decisions, i.e., set standards. In this regard, I am pleased that the
Subcommittee has included in their report comparative information on several
sources of risk. Recognizing the degree to which Society controls or accepts other
risks and considering a background rate of about 400,000 cancer deaths per year,
it is difficult to even comprehend a societal objective of 0.1 deaths per year (or
1000 deaths in 10,000 years). As a scientist/citizen, it is this comparative
risk information that leads me to the opinion that the societal objective can
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probably be relaxed, and parhaps very substantiaily, dependent upon the cost of
achieving it as well as other social and policital factors.

I would be pleased to meet with Mr. William Ruckelshaus, other EPA officials,
ycu, your subcommittee or other members of the Science Advisory Board if the posi-
tion I have stated needs further elaboration. -

Sincerely,

S

Roger Q. McClellan, D.V.M.
Director
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